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PREFACE. 


rpHROUGH the kindness of Sir John Marshall, C.I.E., Litt.D., etc., Director 
General of Archseology, and the Hon’ble Mr. H. Sharp, C.S.I., C.I.E., etc., 
Educational Commissioner with the Government of India, 1 was able, in December 
and January 1916-16, to visit the old observatories at Delhi, Jaipur, Ujjain 
and Benares, and this volume is a direct result of my tour. 

In the following chapters an attempt has been made to • exhibit the 
known facts relating to Jai Singh’s astronomical work and to describe his 
instruments in some detail. The subject matter conveniently arranges itself 
into the following divisions: (i) Jai Singh’s preparation for his astronomical 
researches; (ii) his own publications; (iii) the instruments of his predecessors 
that he employed; (iv) the instruments he devised; (v) the observatories he 
built; and (vi) an estimate of his work, etc. The sixth section presented 
some difficulty, chiefly because of the somewhat erroneous idea that prevails, that 
an account of Jai Singh is necessarily intimately connected with the history of 
Hindu Astronomy. To form a proper estimate of the value of Jai Singh’s 
work, and to place it in correct relationship with that of his predecessors, 
it is, of course, necessary to have knowledge of the history of the develop¬ 
ment of astronomy before his time ; and, while there is abundance of literatxu’e 
on Eiuopean and Muslim astronomy, there is at present no systematic account 
of Hindu astronomy generally available; so a second part of this work contain¬ 
ing a fairly full account of Hindu astronomy was under contemplation. But 
this would have altered the character of the book and Jai Singh would have 
ceased to bo its principal feature: also, an account of Hindu astronomy will 
appear at the same time as this volume in the ' Open Court Classics of 
Science and Philosophy.’ I have, therefore, here given only a summary of 
Hindu astronomy in so far as it is related to Jai Singh’s labours, and for 
further details would refer the reader to my other book. 

This volume is primarily a tour report for the Archseological Department 
and therefore principally descriptive. That it leaves much to be accomplished 
is to be regretted, but it was inevitable; and, indeed, to attempt to make 
such a record perfectly complete would mean the indefinite postponement of 
its publication. I must, therefore, plead for some lenience of judgment, and I 
trust that the intrinsic interest of the facts recorded will, in some measure, 
compensate for the inadequacy of the presentation. 

It is now my pleasant duty to record my grateful thanks for help and 
encouragement. To the Durbars of Jaipur and Gwalior I am greatly indebted 
for their kind hospitality and for the valuable assistance given by their 
officers; and my thanks are specially due to Lala Chuni Lai, the Darogha 
Imarat, and Professor V. V. Tamhankar and Pandit Kedar Nath of Jaipur; 
to Rai Bahadur Munshi Bal Mukand, the Sar Siiba, and Pandit Sham 


B 



di 


PRJSI'AOB 


Sundar Sharma, Tehsildar, Ujjain ; to Pandit Gokal Chand of Jaipur for his 
assistance at Benares and Pandit Mahadeva Sastri Ghatri who, with the kind 
permission of Her Highness the Mahaxani of Darbhanga, placed himself at my 
disposal at Benares; and to Mr. Sohan Lai of the ArchsBological Department 
who accompanied me on my tour. To Mr. Fazl Elahi, B.A., and Professor 
Abd-ur-Eahman of St. Stephen’s College, Delhi, my thanks are due for assistance 
in translating some Persian works on the Astrolabe and in the interpretation 
of obscure Arabic terms. To the Superintendents of the Museums at Calcutta 
and Lahore I am indebted for the loan of certain instruments. The Public Works 
Staff of the Imperial City, Delhi, and particularly Mr. Glen, Executive Engineer, 
rendered moat valuable assistance; and to the care and skill of the Superintendent 
of Government Printing and the Surveyor General and their staffs I am obviously 
greatly indebted. It is impossible to repay in words my debt to Sir John 
Marshall and Mr. W. E. Jardine, C.I.E., the Eesiclent of Gwalior, for advice, 
•encouragemenr and help. 


6. E. KAYE. 


Janua/ry SOlJi. 1918. 
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The Astronomical Observatories 

of Jai Singh 

-•- 

Chapteb I.—jai SINGH. • 

1. Maharaja Sawai Jai Singh II of Jaipur was born in A. D. 1686 ’ and 
succeeded to the Amber territory at the age of thirteen in A.D. 1699, a few years 
before the death of Aurangzeb. He had difficulties in establishing himself, but in 
1708 obtained complete possession of the province. In 1719 he was appointed by 
Muhammad Shah governor of the province of Agra and soon after to Malwa. In 
1734 he was again governor of Malwa and in that year, apparently with the cog¬ 
nizance of the Emperor, he resigned .the province to the Peshwal Ho died in 
1743, two hundred years after Copernicus, and “ his wives, concubines, and science 
expired with him on his funeral pyre.”® 

Jai Singh mixed in most of the trouble and warfare of the long period of 
anarchy that coincided with his reign; but he distinguished himself more as a 
statesman than a soldier and has been termed the Maohiavelli of his day. Ho was 
the founder of a new capital, named after him Jainagar or Jaipur, which in his 
time became a centre of learning; ho erected caravansarais in many of the pro¬ 
vinces ; and he built astronomical observatories at five of the principal cities of 
Hindustan. He conceived and carried out a scheme of scientific research that is still 
a notable example; and his influence is still a living one. The observatories he 
erected are, in the words of his historian, “ monuments that irradiate a dark period 
of Indian History.”® 

At an early age Jai Singh showed a predilection for astronomical work and, 
accordmg to his own account, by constant study he obtained a thorough knowledge 
of its principles and rules. He found the astronomical tables in use defective and 
set himself the task of preparing new ones. With this purpose in view 
Jai Singh took every means to ensure success. He attached himself to no 
particular school but studied Hindu, Muslim and European methods impartially. 
He coUected astronomical books and had certain of them translated; he organised 


^ The year in wliioh ]Sfe\>rtoii’s Principia waa completed. 

® Anrials and Antiquities of Bajasfhan, By Lieutenant-Colonel James Tod, 1829, Vol. ii, p, 368. 
3 Tod, ii, p. 360. 
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a regular stafi of workers and sent some of them to foreign countries to collect 
information; he invited certain Europeans and others interested in astronomy to 
Jaipur; he built a large observatory at Delhi and made careful observations there 
for seven years with a view to the preparation of a new star catalogue ; and after¬ 
wards he built other observatories at Jaipur, TJjjain, feenares and Mathura. Such 

in brief were his astronomical activities which we now proceed to describe in some 

■ 

detail. 


Astronomical Works consulted by Jai Singh. 

2. Of the works of his predecessors and contemporaries there is evidence that 
Jai Singh was acquainted with the following : Ptolemy’s Almagest ; the astronomical 
tables of Ulugh Beg; some Treatises on the Astrolabe; La Hire’s Tabulae Aatro- 
nomicae ; and Flamsteed’s Historia Gcelestis Britannica ; also certain western 
mathematical works such as Euchd’s Elements, a treatise on plane and spherical trigo¬ 
nometry and on the construction of logarithms. This, of course, cannot be an 
exhaustive list since his valuable library no longer exists entire,^ and it would be 
fairly safe to assume that Jai Singh collected and studied all the available astrono¬ 
mical works ; indeed it is recorded specifically that he procured from Europe, besides 
the tables of La Hire, tnose of earlier dates. 

{i) The book that held sway in Europe for a thousand years after its publi¬ 
cation and among the Arabs for a thousand years after its translation was 
Ptolemy’s Almagest. No other text-book that has ever been written had such a repu¬ 
tation. Jai Singh himself speaks of Ptolemy as one of the greatest astronomers, 
and one of his most important acts was to order a translation from the Arabic 
of Ptolemy’s great work. This translation, apart from its intrinsic value, has a 
somewhat special interest; its title Scmrdf SiddMnta ‘ the supreme text-book ’ 
has practically the same meaning as the Arabic title Al-Majisti ‘ the greatest ’ 
and as the Greek title geyakr) ‘ the great compilation.’® 

According to Garrett,® the Samrdt SiddMnta expresses Jai Singh’s views on 
astronomy, and this, probably, is quite true; but the implication that it was an original 
work composed by or for Jai Singh is wrong. It was written by Jagannath, one 
of Jai Singh’s assistants, who was quite unambiguous on its origin. He wrote : 

Grantham siddhSnta samrajaih samrat rachayati sphutam | 

Tushttyai Srijayasithhasya Jagannathahvayab kyiti || 

Arabi bhSshaya grantho MijastinSmakah sthitah. | 

Ga^akanSm subodhaya girvS^ya prakti kritah. || 

JagannSth’s introduction contains, besides the usual invocation, (a) eulogies 
of Jai Singh, with which are references to certain events of some importance,* 


1 It is said that Ja,ggat Singh gave Jai Singh’s unrivalled lihraiy to a oourtesan: it was thus 
despoiled and its treasures distributed among her “ base relatives.” This would account for the meagreness 
of the information now available; but the tale does not altogether bear the impress of truth. 

2 Another title is SiddkdrUa S&ra KauaVMa. See Aufeecht, Cat. Sans. Man. Trin. Coll.^ Dublin, y. 75. 

« The Jaifur Observatory and its Builder. By Lieutenant A. ff. Garrett, R.E., assJeted by Pandit 
Ohandradhar Guleri. 1902, pp, 19 and 21. 

* The Qovind image episode, the Vdja Peya sacrifice, and the abolition of a certain tax (T the Jizeya)^ 
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(6) a list of instruments and (c) an explanation of the source 'from which the 
work was obtained. 

Jai Singh, Jagannath says, was clever in exhibiting the new methods with 
globes and other instruments ; and that, with the help of certain learned mathe¬ 
maticians and astronomers, he had made observations of the stars. The instruments 
proper to an observatory are said to be (1) Nadi Yantra (sun-dial), (2) Gola Yan- 
tra (Sphere), (3) Digarn^a Yantra (Azimuth instrument), (4) Dakhshino Digbhitt 
(Mural quadrant), (5) Vritta ShashtarnSaka (An arc of sixty degrees placed in the 
meridian) which, he says, “ the yavanas call sliadaafkan" (6) Samrat Yantra 
(Supreme instrument—an equinoctial dial), ' the best among the instruments,’ and 

(7) Jaya Praka4 ‘ the crest jewel of all instruments.’ 

Then we* are told (in the verse quoted in full above) that Jagannath pre¬ 
pared this excellent Siddhdnta Samrdj for the delight of Jai Singh, and that it 
is a rendering into Sanskrit for the benefit of mathematicians of a work in the 
Arabic language entitled Mvjdsti} He also tells us ® that “ in the Yavana country, 
the Yavana masters of astronomy, Abarkhas, etc., found the maximum declination 
to be 23 degrees 51 minutes 19 seconds ; and that in Yunan, 36 degrees north, 
it was found to be 23 degrees 51 minutes 16 seconds by the observations of 
Vitlamayus. Ulugh Beg found it to be 23 dogi'ees 30 minutes 17 seconds at 
Samarqand, 39 degrees 17 minutes north. By observation with this instrument we 
found it to be 23 degrees at Indraprastha in 1651 Salivahana.” 

(ii) Ulugh Beg’s astronomical tables were completed in A.D. 1436 and 
became almost as famous as those of Ptolemy, and they formed the basis of most 
subsequent catalogues. Flamsteed used them and so did Jai Singh, who brought 
them up to date. For details as to the use made by Jai Singh of Ulugh Beg’s 
tables see below (p. 8). 

(m) The Hindu name for the astrolabe is Yanlra lidja and Garrett says ® that 
this “ a])pears to be a very ancient type of instriunent of Hindu origin,” and 

also that “ it appears to have been held in great esteem by Jai Singh as he 

himself wrote a book concerning its construction and use.” As a matter of fact, 
the astrolabe or Yantra Rdja is not of Hindu origin at all. The earliest Hindu 

work on this instrument is of the fourteenth century of our era, while numerous 

Arabic and Persian works dating from the tenth century onwards are known. 
The earliest Hindu work kno'wn is by Mahendra Suri and was written in the 
time of Firoz Shah in Saka 1292 or A.D. 1370,* and there are indications that 
it was used by Jai Singh. But Jai Singh did not rely on this work alone 


1 i.e., Ptolemy’s Alrmgeab, 

* From tho Caloutta MS. Tho names arc somewhat puzzling, but Abarkhas is for Hipparchus, Vitlamayus is 
for Ptolemacua. By Yunan possibly Rhodes is meant. The date, 1651 Salivahana is equivalent to A.1), 1729, 
lndrapra3l;ha is Delhi. 

3 p. 49. See R. Mitra Oat tSuTia. MS8., Bikaner, p. 361. 

*This work together with Malayendu’s commentary was printed by the late Pandit Sudhakar Dvivedi oE 
Benares. In the India Office Library is a manuscript (2906, 1628a) of this work which was closoribed by Eggeling 
(Catalogue Sanskrit Manuscripts, India Office Library, V, p. 1030. See also No. 2906 (2343 6, p, 1031) as follows 

** Yantra rSja or Yantrardj&gama, also called Suyantr&gama and Sadyantra, a treatise in five chapter 
on the construction and use of the ormillary sphere and the calculation of celestial and terrestrial bngi- 
tudes and latitudes, by Suri Mahendra, the pupil of Madarui SUri, the court astrologer of Bhrigapwraf* 



4 


ASTRONOMICAL OBSERVATORIES OP JAI SINGH. 


and certainly used some of the Arabic or Persian text-books on the astrolabes, of 
which there were a great many available. 

Mahendra describes his treatise as This scientific work, the good Yantra 
Raja, full of much variety and wonder causing, for the benefit of the people, etc.” 
It is “ abridged, essence-like, exhaustive but very simple and delightful to the 
heart.” He says (v. 3): “ Many Yavanas have also composed scientific works on 
mstrument in their own language and according to their own particular 
understanding ” and, he continues, “ having found them like oceans, I now 
compose this work, like nectar, as the essence of them all.” He gives a list of 
thirty-two stars ^ and then (v. 28) writes : “ After freeing these stars of drik 
karma mark them on the celestial globe .... This is a secret 

that has come from the Yavanas.” 

Mahendra’s small star catalogue is of considerable interest because such 
lists are very uncommon in Hindu books and because it is taken from 
Ptolemy’s catalogue. The latitudes are exactly the same as Ptolemy’s in all cases 
but one, and the longitudes differ by exactly 18° 63' in all cases but six. 

{iv) Jai Singh himself refers to La Hire’s tables (see page 14) and to other 
European tables, and in the palace library at Jaipur is still a copy of Flamsteed’s 
great work. 

P. de la Hire was a French scholar of repute who lived from A.D. 1640 to 
1718. He wrote many mathematical works and in 1702 published his Tabulae 
Astronomicae of which the first part had appeared in 1687. This work contained, 
besides the usual tables, a refraction table (which it is said Jai Singh copied) 
and a description of a machine invented by la Hire to show the theory of 
ecUpses. Another of la Hire’s works was ‘ La Gnomonique ou Tart de tracer 
des cadrans ou horologes solaires sur toutes sortes de sm’faces, par differentes 
pratiques, avec les demonstrations geometriques de toutes les operations.’ This 
was published in 1682 and would have been useful to Jai Singh. 

{v) John Flamsteed lived from 1646 to 1720. His Historia Ccelestis Britavmica 
appeared in 1712, in one folio volume, made up of two books, the first containing the 
catalogue of stars and sextant observations; the second, observations with Sharp’s 
mural arc. The complete work, consisting of three folio volumes, was published in 1725. 
Flamsteed himself lived only long enough to finish the second of the three volumes. 
The third was edited by his assistants Crossthwaite and Sharp. It contains descrip¬ 
tions of the instruments used by Tycho Brahe, Hevelius, Flamsteed himself, etc.; the 
star catalogues of Ptolemy, Ulugh Beg, Tycho Brahe, the Landgrave of Hesse and 
Hevehus, and, finally, the British catalogue of 2,936 stars. 

(m) Undoubtedly Jai Singh possessed other astronomical works, but the only 
possible hints as to their identity are contained in the preface to his own catalogue 
where he mentions several astronomers by name. For example, he not only 
mentions Nasir-al-Din al-Tusi (bom A.D. 1201) but also his commentator (Ali 
b. M.) al-Gurgani. Nasir al-Din was one of the greatest Muslim astronomers. 


1 Mahendra’s list is given in Appendix A. He gives the rate of procession as 64 seconds, and it 
18® 63^ 

may be noted that 54 p ^ almost exactly 1269 years, and this gives the date for Ptolemy’s 

catalogue as A.D. Ill approximately. 
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He made observations at the Maragba observatory and pnblisbed the famous 
* Ilkhamc Tables.’ He wrote numerous works on astronomy and mathematics, 
including commentaries on the works of Archimedes, Euclid, Ptolemy, etc. 

Coupled with Nasir al-Din, Jai Singh mentions also Jamshid Kashi (Jamshid b. 
Mas'ud b. M. Gijat al-Din al-Kashi), who was one of Ulugh Beg’s assistants. He 
wrote several works on astronomy and particularly on the Khaq[ani tables. He 
also mentions al-§ufi (see page 10). 

{vii) Hunter^ tells us that he met at Ujjain a grandson of Jai Singh’s 

principal assistant (? Jagannath). “ In his possession,” he writes, I saw the 

translation into Sanskrit of several European works, executed under the orders 
of Jaisingha, particularly Euclid’s Elements ^ with a treatise on plane and spherical 
trigonometry, and on the construction and use of logarithms which was attached 

to Gum’s and Commandine’s edition. In this translation the inventor is called Don 

Juan Napier '*.... Besides these the Pandit had a tabic of logarithms and 
of logarithmic sines and tangents to seven places of figures, and a treatise on 
conic sections.” 

We arc also told that “ maps and globes of the Foringhees were obtained from 
Surat.”^ 


Personal assistance rendered to Jai Singh. 

3. Jai Singh did not rely altogether upon information contained in books. Ho 
sent to Europe ” several skilful persons along with Padre Manuel ; Muhammad 
Sharif was sent to some place where “ the southern polo was overhead ” ; and 
Muhammad Mahdi was sent to the “ further islands.”® 

Confirmation of the expedition to Europe is found in the records of the Jesuit 
Missionaries in Lidia. In 1728 or 1729 wo are tokU that Jai Singh sent Father 
Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on 
January 6th, 1734, two priests set out Irora Chandernagoro to Jaipur,** at 
Jai Singh’s request. The account" of the astronomical work done by those two 
priests at Jaipur and on their journey was written, according to M. 
D’Anvillo,“ by Father Boudier, one of the priests who made the journey. 

^ iSoms ncoowU oj lltc AslTonoTnical Luhours oj Jayu SinhUp Jtajult of Atiiblicrc, or Jui/unugut- By 
W- Huiiicr. Asiatic Ilcsoarohcs, Vol. V., 1799, p. 209. 

3 This is the Jielcliaganiia referred to on p. 09. 

3 This soomH to bo tho souroo of Tod’s statomeat that Jai Singh oauHcd " Don Juan Napier on tlio 
•construction and hho of logarithms to bo translated into Sanskrit. * (iL 358)* ^ ^ 

^ Garrett p. 20. In the Jaiiiur muBonm there 3a a terrestrial globe attributed to Jad Singh; luul for 
the transloronco of Ulugh Bog’s co-ordinatos into declination and right oBConsion a largo and faiidy accurate 

celestial globe was used by Jai Singh’s assistants {boo p- 8). 

» Thorp, is a treatise on tho astrolabe (British Museum Adit, manuscripts No, 7489) by ‘Abdu‘1 llahim 
b. Muhammad Sharif al-Sharif. Tho date of tho manuscript is A- H. 1165 (=A*D. 1761). Soo Morley, p. 2. 

® Gorrott p. 20. 

’ Lettrea mfianlea et cuneuaea, icniea dea Miaaiona ktrangkrea. Nouvelle Mition- MSnioirea dcs Indes, Tome 
•quinzi^me, Toidouae, 1810, pp. 269 f. 

® A journey of over a thousand miles. 

® Ohaervatima giograpkiquea faitea m 1734 par dea Pirea JiauiteSf pendant lent voyage de Clumdermgor 
d Delhi et d Jaifpour, p. 269. 

10 Eolairciaaemena ghogrwphiquea aur la Carte de Vlnde, Paris 1763, p. 46. Pathor Boudior s account was 
not published till later, but M. D’AnviUe obtained the manuscript from M. Despr6m6mL 
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Observations were made at most of the important places through which they passed. 
The observatories at Delhi and Jaipur are mentioned but not those at Benares 
and Mathura, at both of which places they made astronomical observations, and this 
means that the observatories at Benares and Mathura were probably built 
after their visit, which took place in the early part of 1734. 

At the two observatories visited the following results were obtained:— 

Longitude Longitude Latitude 

East of Paris. East of Greenwich. north. 

Delhi.76= 0' = 77“ 20' 13' 28° 37' 

Jaipur.73° 60' = 76° 10' 13' 26° 66' 

Prom observations of an eclipse of the sun made on December 1st, 1732, by the 
Jaipur Pandits, Father Boudier calculated the difEerence in time between Paris and 
Jaipur as 4 hours 65 minutes 34 seconds east of Paris (=76° 13'43" E. of Green¬ 
wich) and Father Boudier himself, observing the emersion of a satellite of 
Jupiter, calculated the longitude as 4 hours 66 minutes east of Paris (76° 6 
13" E. of Greenwich). In the Lettres edificmtes et curieuses we read (p. 239) : 
“ Les observations des satellites de Jupiter ont 6t6 faites par le E6v6rend Pere 
Chaubil (? at Pekin) avec une lunette de vingt pieds, et par les Peres Jdsuites 
qui 6taient en voyage avec une de dix-sept pieds. 

This visit is of such importance as to warrant quotations from early works 
regarding it. We read in the Lettres 4difiantes (p. 269 f.): “ Le Baja d’Amber, 
Jassing-Savae, dont les Gazettes d’Burope firent mention en 1728 ou 1729, au 
sujet d’un voyage en Portugal, que le E6v6rend Pere Pigueredo, J4suite Portu- 
gais, fit par ses orders, mourat en 1743 .... Ce Prince ayant demand^ 
des peres Jesuites de Chandernagore, I’esp^rance de le rendre encore plus 
favorable aux Chretiens, en favour de qui il avait d^j^ commence une Bglise 
dans sa nouvelle ville,® d6termina leur Sup6rieur-66n6ral dans les Indes 4 lui en 
envoyer deux, qui partirent de Chandernagor de le 6 Janvier de Fannie 
1734, et qui firent les observations g6ographiques qu’on va rapporter. C’est 
tout ce que leur a permis de faire en ce genre I’incommodit^ des voyages en 
ce pays-oi, sourtout lorsqu’il faut les faire par terre, et leur mauvais sant6, 
tous les deux devant leur retour ayant pense mourir de maladie, caus6e par 
les fatigues et les mauvaises eaux qu’on est obligd de boire en chemin.” 

In 1776 M. D’Anville wrote ® “ Get habile Astronome (P. Boudier) se ren- 
dant aux soHicitations d’un puissant Raja, nomm6 Jassing-savae, fort cuiieux 
d’astronomie et qui non content d’avoir fait construire un observatoire dans la 
viUe de sa residence 4 environ cinquante Ueues de Delhi, en avoit 61ev6 un 

1 The Paris observatory is 0" 9“ 20*9 secs = 2® 20' 13*6^ E. of Greenwich. Jaipur observatory is 76° 49' 
18*6^ E. of Greenwich, while Delhi observatory is 77° 13' 6^ E. The annroxiniately correct latitudes 
are Delhi 28° 37' ^6" N., Jaipur 26° 66' 27-' N. 

In the latter pajt of the seventeenth century the difficulty of chromatic aberration was partially 
overcome by the use of very long telescopes—often a hundred feet or more. This led to ‘ aerial teles¬ 
copes * without tubes of which la Hire in 1716 gave a description possibly Father Boudier’s was a 
BID all one of this type. 

2 Jaipur was built about A.D. 1728. 

* Antiquit^^ g^ra'phique de VInde. p. 60. 
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autre avec maguificence dans un de ces fauboutgs, & appel6 Jassingpura, met 
3 minutes 40 seconds de difference entire la hauteur rapport4e au Palais du 
Mogol et cet observatoire, ce qui donne un intervaile d’environ 4000 toisea.” He 
died about A.D. 1792. 

Tieffenthaler, a French Jesuit, who landed in India in 1743, the year in which 
Jai Singh died, writes h “J’ai fait trois ou quatre excursions 4 Agra et Delhi, pour 
faire visite au R. P. Andr6 Strobel, que Jessing, Raja de Djepour, curieux d’astrono- 
mie avoit appel4 d’aUemagne avec un compagnon.^’ 

The only other European connected with Jai Singh that we have information 
about, is a Don Pedro de Sylva, who, according to Hunter,- was a physician 
and an astronomer and resided at Jaipur with Jai Singh. De Sylva, it appears, 
died about A.D. 1792. 


Description hisiorigue el giographique de PInde. Ed. by J. Bumouilli, 1876. Prelooe p. 6, 

p. 210. 


Chapter II.—JM SINGH’S ASTEONOMICAL TABLES. 


4. The Z^ Muhammad Shahl is a set of astronomical tables prepared under 
the direction of Jai Singh and named after the Emperor, Muhammad Shah.^ 
Of this work, I found (A) an incomplete Devanagari manuscript at Jaipur, and (B) 
a complete Persian manuscript at the British museum. At first, B was supposed to 
be an original work, while A was said to be, not the Muljmrmad ShaM itself 
but JJhtgh Beg’s celebrated catalogue brought up to date by Jai Singh and 
his assistants. 

6, (A) The Jaipur manuscript begins as follows :— 

“ Homage to holy Ganesh. Catalogue of 48 constellations. Prom the time 
of Ulugh Beg’s table A.H. 841 to the present date A.H. 1138® or 
297 years the mean motion® is 4 degrees 8 minutes. In the Zlj 
Muhammad ShaM the estimates of declination, etc., are taken from 
“ the globe. Right ascension divided by six is apparent time.” 

Two pages of the Jaipur manuscripts are shown in Plate I (Pigures 1, 2)^ 
and I give below extracts * from the manuscripts together with a table 
of comparisons. The manuscript gives : (a) The numbers of the constellations 
and star numbers, and these in all cases follow Ulugh Beg’s order exactly. 
(&) The nomenclature, which is a translation from Ptolemy (through Ulugh 
Beg). In a few cases the Persian and Hindu names are also given, (c) Ulugh 
Beg’s longitudes with 4°8' added for precession, (d) The latitude which in 
practically all cases is the same as Ulugh Beg’s, (e) The so-called polar longitudes ® 
(what Delambre calls ‘ false longitudes ’) ; this is the Surya Siddhdnia method 
of indicating the positions of stars, but it also occurs in Muslim works, e.g., Abii 
*Ali al-Hasan in the 13th century ol our era calculates the polar longitudes 
for a number of stars; and the presence of these polar longitudes in Jai 
Singh’s catalogue is possibly due to Muslim and not Hindu influence. (/) Decli¬ 
nations, and (g) Eight ascensions apparently read ofi from a globe, (h) Right 
ascension in ghatis and pcUas obtained from (g) by dividing by six.® (/i) Star 
magnitudes which seldom difier from those recorded by Ulugh Beg. 

The catalogue is not an original one, but is Ulugh Beg’s brought up to date. 

^ Hunter aad others say that Jai Singh was chosen by MutLammad Shah to reform the calendar, but probably 
Jai Singh was the mover and at the most obtained the Emperor’s formal sanction. 

a A.H. 841=A.D. 1437-8; A.H. 1138 =A.D. 1726-6 ; and 297 Muslim years=288-2 Christian years. 
[622 - = A.D.- A.H.] 

® The precession of the equinoxes is meant. The rate here given, 4® 8' in 207 Muslim years, is equivalent, 
to 61*6^ a year. See appendix D’. 

* Eurther extracts are given in appendix A. 

® The polar longitude is marked on the ooliptio by the circles of declination, that is, the difference (AA,) between 
the true longitude (A) and polar longitude (X') is that portion of the ecliptic intercepted between the star’s declina¬ 
tion and latitude circles. The polar latitude S' (which is not given in the MS.) is, similarly, the part of the 
declination circle between the star and the ecliptic. The change of co-ordinates can be made by help of the following. 

formulae (i) tan M = — ".^(n) sin M, sin x' (iH) sin J\\zztan x cot M, 

cos X 

® 60 palafl = l ghati=:24 minutes=6 degrees. 
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The method of transference of co-ordinates employed was bound to lead to errors of 
certain types, viz., errors due to the graduations of the globe employed, and a 
greater apparent error in northern latitudes. The table has a special interest 
of its own and an interest in connection with Jai Siugh’s work as showing at 
least one of the sources of his astronomical knowledge. 


Extract prom the Jaipur Catalogue. 


A 

B 

C 

D 

E 

P 

G 

H 

I 



Longitude. 

Latitude. 

Polar 

Longitude. 

Declination. 

Bight 

Degrees. 

Ascension 
in ghatis i 
and palas. | 

Magnitude, 

VI 

OoTiBtellation of the 
Crown. 

B 

9 / 

O t 

8 0 r 

o 

/ 

D / 

g. p. 


1 

Very brilliant 

7 

8 38 

+40 30 

7 24 0 

+28 

0 

231 0 

38 30 

2 

2 

Beyond this 

7 

6 48 

+40 24 

7 22 0 

+30 16 

229 5 

88 11 

4 

3 

Above the second 
to the north. 

7 

5 18 

+48 21 

7 22 40 

+32 

5 

220 50 

38 18 

4 

4 

The third to the 
north of this. 

7 

7 48 

+60 45 

7 26 0 

+33 

15 

233 15 

38 63 

6 

6 

Near to the loo^ge 
star to the south. 

7 

10 26 

+44 27 

7 26 0 

+27 

0 

232 16 

38 43 

4 

6 

Near this a little to 
the north. 

7 12 64 

+44 42 

7 26 30 

+27 

0 

233 50 

38 68 

4 

7 

Near to this the 
sixth to the 
south. 

7 

15 3 

+40 0 

7 28 30 

+28 

0 

23G 0 

30 20 

4 

8 

Near to number 7 

7 

14 30 

+40 30 

8 0 0 

31 

0 

237 30 

39 36 

4 



Prom Ptolemy. 

Modem 

name. 

Pbom CJltjqh 
Bbq. 

DiriTEBBNOa 

BHTWBTDN 

M8. AND 
Unuan Beg. 

DiFEEEENOB BBT- 
WEEK MS, A2n> 
PliAMSTEBD BEDnOEB 

070 A.D. 1725, 

1 

Longi- 
1 tudo. 

Latitude. 

A long. 

A lat. 

A long. 

A lat. 

VI 

Corona Borealis. 









1 

Pulgensearumquae sunt in corona. 

5 a 

H 

7 

4 34 

+44“ 30' 

+ 4°4' 

+0 

+18' 0"^ 

— 3“61'18' 

2 

Quoq omnoa istas prfocodit 

3 |3 

7 

1 40 

+46 24 

+4“8' 

0 

+31'67' 

+19'19^ 

3 

Boroalior quso istam soquitur. 

4 fl 

7 

1 10 

+48 21 

+4“8' 

0 

—i7'3(r 

--13'6r 

4 

Sequens istam et borealior ista . 

9 TT 

7 

3 40 

+60 45 

+4“8' 

0 

i —32'6r 

+14'66"' 

6 

Quse fulgentem a meridie sequitur. 

8 y 

7 

6 28 

+44 27 

+3“68' 

0 

--36'6r 

—S'lQ" 

6 

Qu» istam proprius soquitur. 

10 c 

7 

8 46 

+44 42 

+4“8' 

0 

— 14'24^ 

—ii'e-' 

7 

Ques post istas rursua sequitur . 

13 g 

7 10 65 

+46 0 

+4“8' 

0 

— 13'25'' 

^'28' 

8 

Sequens cunctas quae in corona sunt . 

14 1 

7 11 31 

+49 30 

+ 38' 

0 

— 30'48-' 

+18'38'’ 


o 
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6 (B). The British Museum manuscript^ bears the title Jadld MuJ^ammad 
Shahl (the new Muhammad Shah tables) and Eaja Jai Singh Sawai is indicated 
as the author. The work consists of three books; (i.) On the current eras, 
namely, the Hijrah, the eras of Muhammad Shah, the Christian era, and the 
Samvat era. (ii.) On the determination of the ascendants, (iii.) On the motions 
of the planets and stars and their positions. 

The first two sections follow Ulugh Beg and the third section is simply 
Ulugh Beg brought up to date. The catalogue of stars is headed: “ Table 

showing the positions of the fixed stars as determined at the Samarqand obser¬ 
vatory.” The catalogue gives (a) serial numbers, (6) constellation numbers, (c) 
names of constellations and stars, [d) Longitudes, (e) Latitudes, (/) Directions, [g) 
Magnitudes according to Ptolemy, (A.) Magnitudes according to Sufi.® The total 
number of stars given is 1018 (Ulugh Beg’s number) and these are arranged 
in identically the same order as those of Ulugh Beg. The latitudes are the 
same as Ulugh Beg’s and the longitudes differ by 4° 8', as in the case of the 
Jaipur MS. 

7. The preface to the Mufyammad SMM is, from an historical point of view, 
perhaps the most interesting part and is here given in full.* 

Praise be to God, such that the minutely discerning genius of the pro- 
foundest geometers in uttering the smallest particle of it, may open 
the mouth in confession of inability; and such adoration, that the 
study and accuracy of astronomers who measure the heavens, on 
the first step towards expressing it may acknowledge their astonish¬ 
ment and utter insufficiency. Let us devote ourselves at the altar 
of the King of Kings—hallowed be his name—^in the book of the 
register of whose power the lofty orbs of heaven are only a few 
leaves; and the stars and that heavenly courser the sun, a small 
piece of money in the treasury of the empire of the Most High. 

If he had not adorned the pages of the table of the climates of the 
earth with the lines of rivers, and the characters of grasses and 
trees, no calculator could have constructed the almanac of the 
various kinds of seeds and of fruit which it contains. And if he 
had not enlightened the dark path of the elements with the 
torches of the fixed stars, the planets and the resplendent sun and 
moon, how could it have been possible to arrive at the end of 
our wishes, or to escape from the labyrinth and the precipices 
of ignorance. 

Prom inability to comprehend the all encompassing beneficence of His 
power. Hipparchus is an ignorant clown, who wrings the hands 
of vexation; and in the contemplation of His Exalted Majesty, 

1 Rieu’s Oatalogue of Orievial MSS. “ Add. 14373. Foil. 222 ; llj. inches by 7 |; 12 lines, 4^ inches Jong ; 
Tvritten in Nastfilik, with * Unvan and gold ruled margins, apparently in the 18th Century (Francis Gladwin).** 
The MS. is in good condition and could eosilv be reproduced by rotograph. 

“ ‘Abd-ul-Rahman b. ‘Omar, Abd’l-Husam, al-gufi (died A.D. 986) wrote on the fixed stars, the astrolabe 
Ac. (H- Suter. Die Math. u. Astr. d. AraheSy p. 02). 

® Hunter, As, Res. V. p. 178 f. 
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Ptolemy is a bat, who can never arrive at the sun of truth: the 
demonstrations of Euclid are an imperfect sketch of the forms of 
his contrivance; and thousands of JamshId KashI,^ or Nasir TtsI,® 
in this attempt would labour in vain. 

But since the well-wisher of the works of creation and the admiring 
spectator of the theatre of infinite wisdom and providence SawH Jai 
Singh,® from the first dawning of reason in his mind and during its 
progress towards maturity, was entirely devoted to the study of 
mathematical science, and the bent of his mind was constantly 
directed to the solution of its most diflicult problems: by the aid 
of the Supreme Artificer he obtained a thorough knowledge of its. 
principle and rules. 

He found that the calculation of the places of the stars as obtained 
from the tables in common use, such as the new tables of Sa’Id 
GurganI^ and KhaqAnI, and the TasahUat-Mula OJidnd^ Akhar 
SlidM," and the Hindu books, and the European tables,^ in very 
many cases give them widely different from those determined by 
observation : especially in the appearance of the new moons, the 
computation does not agree with observation.” 

Seeing that very important affairs both regarding religion and the ad¬ 
ministration of empire depend upon these; and that in the time 
of the rising and setting of the planets, and the seasons of 
eclipses of the sun and moon, many considerable disagreements of 
a similar nature were found—ho represented it to his Majesty of 
dignity and power, the sun of the firmament of felicity and domi¬ 
nion, the splendour of the forehead of imperial magnificence, the 
unrivalled pearl of the sea of sovereignty, the incomparably bright¬ 
est star of the heaven of empire, whoso standard is the sun, 
whose retinue the moon, whose lance is Mars and his pen like 
Mercury with attendants like Venus, whose threshold is the sky, 

^ JaniHhicl b. Miih‘ucI (Hjat al-DIn al-Ktifcilu wtia ono oC Ulugli tiHtrononioi’a. 

® Nagir al-Diii al-TuHi wan born A.I). 1201. He workotl at the Maragha obHorvulory and publialied the famoiw 
‘ TlkhajjLic TabloB.’ He traiwilaU'fl Eiiclid’H Elmienis and Ptoloray’fl AlimgeaU anti wrote many works on astronomy. 

® Jai Hingh writes in the ihird ])crHoii, 

^ Possibly *Ali b. M. al-Saijid al-Harif al-Gurganl, who lived from A.l). 1339 to 1414 in Shiraz, and 
wrote a oominontary on Nasiv Tahuai’s Tadhira (Sec II. Sul-er’sAe MalJb&incUiJcer und Aatronomm der Ardbcr mid 
Ihre Werke, p, 172); but Gurgiim was a designation of Ulugli Bog*a family, and Ulugh Bog’s tables wore aomotimc« 
termed the Gurgam canon [Sec L.P.E.A. S6diUot’H Proldgomhies des Tables astroirnnk/iLes d'Oloiig Beg, p.c. acix; 
also JLin-kAkban, {in) 20 and 41 (Jarrett’s edition); Ahbarndma, (i), 204 (Bovoiidgo’s Edition).] 

® Sutcr (p. 05) mentionfl one al-KhaqarS, an astronomer and astrologer, who died in A.l). 1038 and who worked 
at improving the astronomical tables. The Khaqam tables wore su])plcmontary to the tlkhanio tables ofNaalr 
al-TQsi and wore prepared and edited by Jamshid al-Kashi. 

® “ Maulanil Chand, the astrologer, who was possessed of great aoutenoss and thorough dexterity in the seicnce 
of the astrolabe, in the scrutinising of astronomical tables, the oonstruotion of olmanoos and the interpretation of 
the stars, was deputed to be in ai-tondanoo at the portals of the cupola of chastity in order that ho might observe 
the happy time and asooriain exactly the period cf birth (of Akbar). Ho reported in writing to the exalted oamjj 
lhat according to altitudes taken by the Greek Astrolabe and by calculations based on the Gurgani tables, eto.’’ 
{Akhamd^na, Vol. I, 69-70. Ed. Beveridge). He also cast tho horoscope of Jahangir in A.D. 1670 according to the 
Greek canon {ib. ii, 606-7. Sec also i, 66 and 374). 

’ He is possibly referring to La Hire’s Tdbidoe Aetronomicce and Flamsteed’s Hietoria Ocdealis Britannica, 
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whose signet is Jupiter, whose sentinel Saturn—^the Emperor 
descended from a long race of kings, an Alexander in dignity, the 
shadow of God, the victorious king Muhammad ShAh *: May he ever 
be triumphant in battle.^ 

He was pleased to reply, since you, who are learned in the mysteries of 
science, have a perfect knowledge of this matter, having assembled 
the astronomers and geometricians of the faith of Islam, and the 
Brahmans and Pandits,® and the astronomers of Europe, and having 
prepared all the apparatus of an observatory, do you so labour 
for the ascertaining of the point in question, that the disagreement 
between the calculated times of those phenomena, and the times 
which they are observed to happen, may be rectified. 

Although this was a mighty task, which during a long period of time 
none of the powerful Rajas had prosecuted; nor among the tribes 
of Islam, since the time of the martyr prince, whose sins are 
forgiven,® Mirza Ulugh Beg, to the present, which comprehends a 
period of more than three hundred years,* had any one of the kings 
possessed of power and dignity turned his attention to this object. 
Yet to accomplish the exalted command he had received, he bound 
the girdle of resolution about the loins of his soul and constructed 
here ® several of the instruments of an observatory, such as 
had been erected at Samarqand° agreeable to the Mussalman books,’ 
such as Zdi al-Halqa ® of brass, in diameter three of the 

measure now in use and Zdt al-Sha’batain and Zdt alrZaqatain and 
Sods Fakhri and SMmalah.^ 

But finding that brass instruments did not come up to the ideas which • 


1 Muhammacl Shah reignod from 1719-1748. 

® This must have been written before 1739 when Nadir Shah saokod Delhi. 

^ Those seom to be curious expressionfl for a Hindu to use. 

^ XJlugh Beg was assasBinated in A.D. 1449 while iho Tn} MuMmmad SJidhl is supposed to have boon published 
in 1728, approximately 207 Muslim years after. See p. 8. 

® At Delhi, 

® Wo have very little information about the observatory at Samarqand. Greaves stated that the quadrant 
used by Ulugh Beg was as high as the summit of St Sophia at Constantinople, or about 180 feet The earlier Muslim 
astronomers had also devised huge instruments. In A.D. 996 Abu-1-Wafa used a quadrant of radius 21 feet 8 
inches ; al-Khojendi used a sextant with radius 67 feet 9 inches. Nagir ol-Din set himself the task of perfecting 
instruments, etc. See S6dillot*s Froligomlnea dea Tables astrorumiques TOidoug-Beg, p. cxxix. See also jmgo 81 
for a fuller account of Muslim instruments. 

^ See below for a bibliography of books on the astrolabe. There were numerous Arabic and Persian works on 
astronomical instruments available. 

* A ring instrument, armilla, sphsera armillaris—(Nallino ii. 329). 

• 3 gafl!=9 feet ordinarily, but perhaps here a gaz=\ dmidja^^ feet approximately. 

An astrolabe with two rings or parts. It is the iriqa^Tum or regulae parallacticae. Al-Battani calls 
it the 'long alhidode’ (Nallino i. 321). In Leiden is a MS. De ratione qua ope inatrumenbi Zoi al^BMlcOain, etc. 
by the celebrated al-Kiudl. Muhammad bin Istaq b. Abi ‘Abbad, AbuT Hasan also wrote on the'same 
instrument (Suter, pp, 26 and 48). 

This must be the same as the Shashidmia Yanldra, which, according to Jagannath, “ the YavanoF 
called shudsufkariy See pages 3 and 39. 

The Jai Praka6 is called shamlah by Hunter, 
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he had formed of accuracy, because of the smallness of their size,^ 
the want of division into minutes, the shaking and wearing of 
their axes, the displacement of the centres of the circles, and the 
shifting of the planes of the instruments, he concluded that the 
reason why the determinations of the ancients, such as Hipparchus 
and Ptolemy, proved inaccurate, must have been of this kind. 

Therefore he constructed in Dar al-Khilafat Shah Jahanabad,® which is 
the seat of empire and prosperity, instruments of his own inven¬ 
tion, such as Jai Prahas and Ram Yanim and Samrai Yantra,^ the 
semi-diameter of which is of eighteen cubits and one minute on 
it is a barley corn and a half*—of stone and lime of perfect stabi¬ 
lity, with attention to the rules of geometry and adjustment to 
the meridian and to the latitude of the ])lace, and with care in 
the measuring and fixing of them, so that the inaccuracies from the 
shaking of the circles and the wearing of their axes and dis¬ 
placement of their centres and the inequality of the minutes 
might be corrected. Thus an accurate method of constructing an 
observatory was established and the difference which had existed 
between the computed and observed places of the fixed stars and 
planets by means of observing their mean motions and observations 
was removed. 

And, in order to confirm the truth of these observations, he constructed 
instruments of the same kind in Sawai Jaipur, Muttra and Benares 
and Ujjain.® When he compared these observatories, after allowing 
for the difference of longitude between the places where they stood, 
the observations agreed.® 

Hence he determined to erect similar observatories in other large cities 
so that every person who is devoted to these studies, wheiiever 
he wished to ascertain the place of a star or the relative situation 
of one star to another, might by these instriunents observe the 
phenomena.'^ 

But seeing that in many cases it is necessary to determine past or 
future phenomena ; and also that in the instant of their occurrence 


1 Cf. Alboruni Chronology oj A wnoni Nations (p. ] 1), who writes : “ It is impossible to fix the parts of tho greatest 
cirolo by moans of tho parts of t.]ic smallest oirclo. I roXor to tho smollnoss of tho inafenimoiita of observation in com¬ 
parison with tho vastnesB of the bodies which are to bo observed. On this subject J have enlarged in my book called 
Kilah^al-iatiaUM hiJchtilaf-al ‘artr^d.” L.P.E.A. S6dillot [p. oxxbc] gives tho following interesting quotations: 
“ Si j‘avals pu, disait Ebn-Oorfa, faire un corolo qui s’appuyat d*un oot<S sur lea Pyromidoa et do Tautro but lo mont 
Mooattam, je raurais fait; oar plus rinstrumont est grand, plus les operations sont justes.’* 

• Delhi. 

• See below p. 36 seq. 

^ To make the measurements fit, the oubit used must have been a largo oubits»36 angulaa. 

• Thito implies that tho Delhi* Observatory was ooraidetod before the othoi-s woro started; and that all of them 
were built before the preface was written. This dates tho preface after 1734 and perhaps after 1737. (See p. 16). 

• We must accept those statements about perfect agreement with some caution. Wo have very few records 
of Jai Singh’s actual calculations or observations: his value for precession was a year and for the obliquity 
‘23* 28' 0. 

^ The pro] cot of building observatories at other places was never car. it d out. 
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cloud or rain may prevent the observation—or the power and 
opportunity of access to an observatory may be wanting—he 
deemed it necessary that a table be constructed by means of 
which the daily places of the stars being calculated every year 
and disposed in a calendar may always be in readiness. 

In the same manner as the geometers and astronomers of antiquity 
bestowed many years on the practices of observation—thus, for the 
estabhshment of a certain method, after having constructed these 
instruments, the places of the stars were daily observed. 

After seven years had been spent in this employment * information was 
received that about this time observatories had been constructed in 
Europe ^ and that the learned of that country were employed in 
the prosecution of this important work: that the business of the 
observatory was still carrying on there and that they were constantly 
labouring to determine with accuracy the subtleties of this science. 

For this reason, having sent to that country several skilful persons along 
with Padre Manuel,® and having procured the new tables which had 
been constructed there thirty years before and published under the 
name Lir,^ as well as the Europe tables anterior to those.® 

On examining and comparing the calculations of these tables with 
actual observations it appeared that there was an error in the 
former in assigning the moon’s place of half a degree. Although 
the error in the other planets was not so great, yet the times of 
solar and lunar eclipses he found to come out later or earlier 
than the truth by the fourth part of a ghaU or fifteen 'palas.'^ 
Hence he concluded that, since in Europe astronomical instruments 
have not been constructed of such a size and so large diameters, 
the motions which have been observed with them may have 
deviated a little from the truth.’ 

Since in this place by the aid of the unerring Artificer astronomical 

The ohronology is very uncertain. Delhi Observatory was constructed probably about 1724 and the tables, 
it is said, wore finished in 1728 ; but there is evidence that lends us to the conclusion that this preface was wrillen 
later. (See p. 139.) 

* Uraniborg (Tyoho Brahe’s observatory) in 1676; Leiden 1632 ; Paris 1667; Greenwich 1676 ; Berlin 1706 • 

St. Petersburg 1726; Upsala 1730, etc. ’ 

® In 1728 or 1729 the Reverend Father Figueredo, a Portuguese Jesuit, went to Europe by tho order of Jni 
Singh. Possibly this is the same man. See LUirea edifiantes el eurieusee, xv, 269. 

* La Hire’s Tabulae. Astronomical was published in 1702 ; see p. 4. Father Boudier, who went to Delhi and 
Jaipur in 1734, actually refers to this edition. He writes : “ En se servant de la m6thode de M. do la Hire, Edition 
de see tables 1702, page 63, on a trouv4 que le commencement de l’6clipse & Delhi, lorsqu’il 6tait it Rome 11 hourcs 
40 minutes 66 secondes du matin, etc.,” Lettres, etc., xv, 288. 

• We know that, besides La Hire’s tables, Jai Singh possessed those of Ulugh Beg and Flamsteed. The latter’s 
work contains also the tables df Tyoho Brahe, the Landgrave Hesse, and Hevelius. Other possible tables are the 
Toletan TMe of 1080 ; the Alfonsine Tables, 1262 ; Reinhold’s Prussian, Tables, 1661; Kepler’s 'BndolpMne Tables, 
1627; Oassini’s tables, 1668 and 1693; Halley’s tables, 1719 ; etc, 

• 60 palas^l pJia^t=24 minutes, and 16 palas=6 minutes. 

' The instruments used by Flamsteed (1846-1719) were an iron sextant of 6 feet radius ; a three-foot quadrant; 
a mural arc of 140 degrees and radius 7 feet, ‘ divided with hitherto unapproaohed accuracy,’ and with which all 
his most valuable work was executed; two clocks and two telescopes. For further particulars of European 
instruments, see p. 83. 
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instruments have been constructed with all' the exactness that the 
heart can desire and the motions of the stars have for a long 
period been constantly observed with them, agreeable to observa¬ 
tions mean motions and equations were established; he found the 
calculation to agree perfectly with the observation. And although 
to this day the business of the observatory is carried on, a table 
under the name of His Majesty, the shadow of God, comprehending 
the most accurate rules, and most perfect methods of computation 
was constructed—so that, when the places of the stars and 
the appearance of the new moons and the eclipses of the sun and 
moon and the conjunction of the heavenly bodies are computed 
by it, they may arrive as near as possible at the truth, which, in 
fact, is every day seen and confirmed at the observatory. 

It therefore behoveth those who excel in this art, in return for so great 
a benefit, to offer up their prayers for the long continuance of 
the power and the prosperity of so good a King,’^ the safeguard of the 
earth, and thus obtain lor themselves a blessing in both worlds.^ 


^ Mu^atninad fcjhaii died in A.D. 1748 fivo years after the death of Jai Singh. 

^ There are some points about the preface that arc not quite consistent "with each other and known 
facts. The tradition is that the Zlj Mulj^mmad was completed in A.D. 1728 and this is, to some 
extent, confirmed by the Jaipur MS.; the preface was written some time after all the observatories had 
been built, that is after 1734, and “ more than 300 years after (the death of) Ulugh Beg [Uiugh Beg 
died in A.H. 863, and 863+300=1163 A.H.=A.D. 1740-1]. The legitimate oonolusion is that the preface 
was written some oonsiderajilo time after the tables had been completed. 

In 1002 Garrett wrote of the Zij Muha/mrruid §lt/5M : “ I have been unable to procure the Sanskrit 
original or even a vernacular copy” and “up to the present time the only copy of Jai Singh’s astronomical 

tables, or Z^ech Mahommed Shahi, which has been obtained is a hook m Persian characters.Unfor- 

tunatply most of the figures ore written in a kind of cypher, and although the key to this has been 
found, the thorough examination of this work will necessarily prove a long and laborious task” (pp. 18n. 
and 74). The British Museum Persian MS. is in excellent conditibn and although the tables arc, of oourto. 
in the abjad notation, there would be no difficulty in translating them. 




Chaptee III.—metal INSTEUMENTS. 


8. Jai Singh, himself teUs us that he first constructed ‘ according to 

Mussulman books ’ instruments of brass such as Zai al-Salqa, Zdt al-Sho’batain, etc.» 
and at Jaipur I found a unique collection of such instruments, including 
Arabic and Persian astrolabes, dating from the time of Shah Jahan. 
These instruments play a very important part in Jai Singh’s work; to 
appreciate which a proper understanding of them is essential. Enquiries 
in other parts of India resulted in the discovery of an excellent astrolabe in 
the Indian Museum, Calcutta; and one of rather inferior workmanship at 

Lahore. Tod tells us ^ of a dial “ on the terrace of the palace of Oodipoor, and 
various iustruments at Kotah ® and Boondi, especially an arnullary sphere, at 

the former, of about five feet in diameter, all in brass, got up under the 

scholars of Jey Siugh.” At the Lahore Exhibition of 1864 certain brass 
astronomical instruments from Kapurthala and other places were shown; these 
included “ two fine astrolabes,” one spherical and one plane, and several dials. 

The metal instruments actually examined, most of them at Jaipur, were 
as follows:— 

A. —Astrolabe. Diameter 13 inches. Seven tablets. Jaipur. Figures 5 

and 7. 

B. —Astrolabe dated the 31st year of the reign of Shah Jahan and A.H- 

1067 (=A.D. 1657). Diameter 13 inches. Jaipur. Figures 6 and 8. 

C. —Astrolabe. Designed by Muhammad Amin bin Muhammad Tahir and 

engraved by ’Abdul Aimmah. From .Herat. Diameter 7‘3 inches. 

Indian Museum, Calcutta. Figures 9, 12, 15 and 16. 

D. —^Astrolabe. Diameter 6 inches. Jaipur. Figures 11 and 14. 

E. —^A Zarqali astrolabe dated the 23rd year of the reign of Aurangzib and 

A.H. 1091 (=A.D. 1680). Made for Nawab Iftikhar Kba-n by a 

certain Zia-al-Din. Diameter 2 feet. Jaipur. Figures 19, 20, 21, 22. 

F. ‘~'Afltrolabe. Brass, 4*3 inches in diameter. Lahore Museum. 

G-.—^Hindu Astrolabe. Diameter 16 inches. Jaipur. Figures 26 and 27. 

H. —Jai Singh’s iron Ymtra Raj. Diameter 7 feet. Figure 28. 

I. —Jai Singh’s brass Yantra Raj. Diameter 7 feet. Figure 29. 

3.—UnnatamSa Yantra. A graduated brass circle, 17| feet in diameter. 

Jaipur. 

K. —Ghahra Yantra. There are two at Jaipur 6 feet in diameter and 

one at Benares 3 feet 7 inches in diameter. Figures 67 and 66. 

L. —Krmti vritti Yantra. Jaipur. Figure 68. 

M. —Hindu Astrolabe. Jaipur. 

N. — Dhruva-bhrcma Yantra, or ‘ Circumpolar instrument ’ Jaipur. 

1 Vol. n, 369. ~~ “ - 

* See p. 34 for fti Moonnt of an instrument presented by the Kajah of Kotah to the Government of 
India. 
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O. —Armillary spkere at Jaipur. One also at Kotah. 

P. —Arabic Astrolabe. Brass, 6*7 inches in diameter. Delhi. 

Q. —^Persian Astrolabe. Brass gilt, 3‘75 inches in diameter. Delhi. 

R. —^Hindu Astrolabe. Copper, 7 inches in diameter. Delhi. 

Of these it is possible that all except ‘ C ’ belonged to Jai Singh and ifc 
is pretty certain that a number of his instruments have been lost {e.g., see 
page 31). The most important are A and B (which, for convenience, I 
term ‘Jaipur A'and ‘Jaipur B') and the Zarqali instrum^t B. ‘Jaipur A' 
and ‘ Jaipur B ’ are of extremely fine workmanship, while E is an interesting 
example of a type hitherto seldom described in detail in European works. 


The Astrolabe. 

9. Of these metal instruments the astrolabe appears to have played the 
most important part in Jai Singh’s work. Indeed in the middle ages the 
astrolabe was one of the chief astronomical instruments. The Arabs perfected 
it at a very early date and it remained one of the principal astronomical 
instruments until about the 17th century, and is still used in the East for 
astrological purposes. It was usually of brass ^ and varied in diameter from a 
couple of inches to several feet. The mariner’s astrolabe (as used by Columbus) 
wa.s adapted from that of the astronomers about A.D. 1480, but was superseded 
by Hadley’s Quadrant of ,1731. The famous scholar Gerbet, who afterwards 
became Pope Sylvester II, had such skill in making astrolabes, etc., that he 
was supposed to have sold his soul to the devil. There are many references 
in medioBval literature to the astrolabe. More than three centuries before Jai 
Singh, Chaucer wrote his Treatise on the Astrolabe. “ Trust well,” he says, “ that 
alle the conclusions that have be fomide, or else possibly might be founde 
m so noble an instrument as is an Astrolabe been unknowe parfitly to any 
mortal man in this regioun, as I suppose.” 

10. The type of astrolabe principally used by Jai Singh was the flat 
astrolabe or astroldbium 'planis'phaerum, in Arabic called Zai al-^afdHb (' Consisting 
of tablets ’) like ‘ Jaipur A ’ and ‘ Jaipur B,’ to which the following description 
particularly apphes. 

The corpus astroldbii is a circular disc with a raised edge into which fit the 
several parts of the instrument: 

(i) The containing disc is termed the mate^- ^ (Ar. umm) and the inner part 
of this is the venter,^ while the raised edge is called the Tm'ffa or rim.^ The venter is 
often inscribed with latitudes and longitudes of important cities. (Figures 13, 
14, 16.) 


^ Oowor refers to one of gold “ Willi him his astrolabe he name, whioh was of fine gold precious,, 
with points and circles marveillous.” 

The Granada astrolabe described by H. S. Cooper 1904, 63f) has silver knojbs on each pointer 

of the ‘ anlcdbut in the British 'Museum are several inlaid with silver ; and others evidently had some sort of 
jewel fixed in the hirsi (see fig. 12). Gilt instruments are not uncommon. 

* Moder, mother, rotula. 3 Also wajh or face. 

* Also called MargUabram or Limpbus, Hajra (side) etc. 
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{ii) The ‘ankdbutov armiea'^ is an open-work disc marked with the ecliptic, 
the signs of the zodiac and a number of stars. It is placed in the venter 
and can he revolved. The branches on which the names of the stars are 
written and the points of which indicate the positions of the stars are termed 
sTiazayd or ‘ splinters.’^ The pointer at the top of the ‘ ankabut at the first point 
of Capricorn is termed the muri or index.® (Figures 5, 6, 9 and 10.) 

(in) Several thin discs or tablets,* marked with almucantamts,^ azimuth circle8> 
hour circles, etc., for various latitudes, etc., fit into the body of the astrolabe. 
(Figures 17 and 18.) 

(vo) The alhidade or ® sighter revolves round the centre on the back of the 
mater. Each arm has a perforated lihna ’’ or ‘ tile,’ which is sometimes hinged on 
to the alhidade. European astrolabes sometimes had another marker or label ® 
without sights for use on the front of the instrument. (Figure 7.) 

(v) The tablets and alhidade, etc., are fixed together by a pin (Ar. qutjb ”) 
which is fastened by a wedge termed by the Arabs faras or ‘ horse,’ and often 
■fashioned into some resemblance of a horse’s head.^® (Figure 24.) 

(w) The whole is suspended by a ring (Ar. halqa) joined to the ‘ urwah or 
handle, which in its turn is riveted to the projecting part, htrsi or throne, of 
the mater. To the halqa was sometimes attached a cord (Ar. ‘ildqa). 

(mi) The back of the astrolabe (Zahr al-asiurldh) in all cases has an outer 
graduated scale, two upper quadrants and certain shadow scales. It is often 
inscribed with tables of use to the astrologer and geographer : the details vary 
greatly. (Figures 7, 8, 11 and 12.) 

The sighter and graduated circle (fig, 7) on the back of the astrolabe 
form the part of the instrument used in actual observation; while the ‘ tablets ’ 
and th.Q ‘ anJcaMt (which rotates) and the graduated circle on the raised edge 
(huffa) of the maier form a very efficient calculating machine. 


The Tablets (SapIih). 

11. The ordinary disc or ' tablet ’ is marked on each side with stereographical 
projections of the horizon and almucantarats, azimuth and hour circles for a 
particular latitude and also the equator and tropics. 

^ Also sMbakaJh, not, rete; Alinoabuth; Volvellum, oto. 

^ 7br aUKawahib, needles of the stars, oto. 

® Muri ras aUjadl (index of the head of Capricorn); Alinury, Ostenior, Denticle, etc. “ Thin Almury is 
oleped the Denticle of Capricome, This same almury sit !Qx in the hed of caprioorne.” Chaucer, I, 23'. 

^ Ar, Saphiahs, Tympana, Tabulae regionum, etc. 

® Oirauli progreasionum (Ar. maqantardt). 

® Ar, Hzadah, ‘door post’; Dioptra, Mediclinium, Verticulum, Ahdade, etc. Tanner (1587) describes the 
alhidade thus: “ Altriada or mediclinium, in which are put two little pins or tables to take the height of 
the sun in the day and of the stars at night, of which one side goeth through the centre of the astrolabe 
is called the line of trust, because it bringeth credit of things practised there.” 

’ Tabella, Pinna, Pinnula; hadaf^ dafa, 

® Ostensor, index, petite roue, etc. 

® Axis, olavus, exiltre, alohitot, cavilla, etc,; mihivar (azis), waiad (stake). 

See D and E (fig. 24). The former (D) is from the India Office Persian astrolabe, and E ia taken 
from the British Museum MS. of Mas-sha Allah’s work. See also page 63 and figw« 68; and Nallino,' 
al Batt&.d I, 319. 
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ASTKONOMICAL observatories of JAI SINGH. 


Tlie almucantarats are circles of altitude,^ tlie almucantarat of zero altitude 
beiug the horizon (EHW in plate V). In the diagram almucantarats are 
drawn for 60°, 40°, 20 ° (as well as the horizon, 0 °) and are marked a«,. « 20 - 
The number of almucantarats varies in different astrolabes: if there is one for 
each degree of altitude, the instrument is called tamm or ‘ complete ’ ; if for 
every other degree, it is termed nisfl, ‘ bipartite ’ and so on. Jaipur A and B 
(figures 6 and 6 ) are tamm or ‘ complete’ ; Herat C (figures 17 and 18) is nisfi; 

while ‘ Jaipur D ’ (figure 10 ) is sudsi or sexpartite. 

Azimuth lines are drawn at right angles to the almucantarats.® These are 
seen in figures 17 and 18, and in plate V portions of certain azimuth circles 
Zgfl, Z 42 , etc., are drawn. In some tablets these azimuths are continued 

below (to the north of) the horizon. ^ 

Temporal hours.—The temporal or unequal or planetary hour lines are shown 

in figures 17 and 18, and in plate V by the broken lines h, k k, etc.® They 
divide the time between sun-rise and sunset into twelve equal portions and 
therefore vary in length from day to day. These divisions of time gradually fell 
into disuse (see page 87), and equal or equinoctial hours were introduced. These 
are shown in figures 18 (but not in figure 17) and m plate V they are marked 


Q. 61., 62 ^2) otc. ^ 1 * 1 c U 

Houses. _^The tablet is sometimes divided into twelve astrological houses. 

The boundary fines of these are seen in figure 17 and in plate V are marked 

hHh, (See appendix B.) . nr . 

Longest days and latitudes.—Th e latitude for the particu lar tablet is 

ABOD (Plato V) roprosoal, tho tropic of Capricorn and CA the meridian, and 1®* 

AF moaflure the obliquity of the ociijitic, then tho point S on tho inlerHootion of BF ox^A AQ a on 

the cQuator and BSNW ropronenta the equator, being the caatem j.omt. Similarly by .Rawing Oa 

iho angles 8L and WL, measure the latitude (<),) of tho place, and by joining M and L,® wo got Z, 
the zenith, and H, tho meridian point on tho horizon. Tho opposite point on the horizon is H, where .B/, 
(=4) moots the meridian line NS produced. To obtain a circle (almucantarat) for altitude a. mark olT 

angles (*±a 90») from 8. the south jiDint of the equator, (positive direction 8 TIO and join both these 

points to B. the oast point on the equator: tho distance between tho points luUTsoptod on tho mendian linp' 
N8 is tho diamoter of tho cirolo of altitude a, 

* In the diagram NL,=^8L=<p, the latitude of tho place, and MI, th® rnoudiB^ hne N8 

in the nadir «. The horizon is graduated by joining the zenith 2, and the graduations on the equator, 
and each azimuth circle passes through ibo zouiih, nadir and the point on the honzon to which it per- 

-tains, while the centres of tho azimuth circles lie on tho hne parallel to BTF and bisecting *1. • 

3 To draw the temporary hour circles, divide the day portion (that is tho portion liolow the horizon 
in the diagram) of each of the threo oircles-tho tropic of Capricorn, the equator, and tho tropic of Can- 
oer-into Welve equal ports and draw oireles i, h. f, f, etc., through each trio of correspondmg parte 
For the equal hours draw through X, the centre of tho oirole of the honzon, a eirolo coneentrio with the 
equator and tropics. Graduate this circle at intervals of 16 degrees starting from the south point and 
proceeding westwards. With the south point and in suboession the other points of gr^uation as oontres, 
Ld radius equal to the radius (XII) of tho horizon draw arcs etc., from the 

com to that of Cancer. (Those ares will pass through the equal divisions of the equator, alreadj marked 
for temporal hours.) The result of this coustruotion is that any point on the eohptio, as the ankahiit is 
rotated, passes from one equal hour lino to another in one twenty-fourth of a revolution. . . j 

* The Unes that divide the houses pass through H and Fj. the points common to the h^zon and 
meridian, and points on the Equator at intervals of 30 degrees starting from the East and West line. 
Their centres he on the line that passes through X (tho centre of the oirolo of the honynn) and is 
to the East and West Une. The points of intersection of these house lines wit ^ t e 0 p 10 are e 
cusp”. (For further det^s, see p. 120 and SroroBB, Elwsidatio fabrioa lu/asm os^olaHi 1624.) ^ ^ 
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generally written just below the ufk or oblique horizon, EWH, on the right of 
ihe meridian hue; while, in the corresponding place on the left of the meridian 
the length of the longest day of the year for the particular latitude is generally 
given. In figure 18, for example, we have 


Hours 

Latitude 

13 47 

28 

name of a city is 

also given. B 


ajLLu niiitiaavaa iJo, 

(mi) Special Tablets.—In the ordinary astrolabe the number of tablets 
vanes to as many as nine—not counting the ‘ankabut. Generally one is a 
special disc for honzons on one side and celestial co-ordinates on the other and 
occasionally there are other special tablets: the rest are the ordinary tablets 
already described for several latitudes. * 

Horizons.—The tablet of the horizons {al-Safihat al-dldqiya1i) is shown in 

figure 16. The horizons are arranged in four sets-one set in each quadrant 

consistmg of six or seven horizons-and below each of these sets are two 

scales termed al-ma%l al-lculll {sJmmdU or janm) or the total obliquity' (northern 
or southern). i ^ \ 

‘ Ankabut co-ordinates.—On the other side of the ‘tablet of the horizons’ is 

generahy the tablet of the latitude of the complement of the total obliquity’ 
This really gives the celestial co-ordinates (longitude and latitude) and by its aid 
e positions of the stars on the ‘ankabut can be at once read off. Morley 
seems o have thought* that this was an ordinary tablet for latitude 66i° N 
but It IS qmte rightly described as SaflhaJi mimn al-’anhahul, ‘the tablet of 
he measme of the’ankabut.’ It occurs in most of the astrolabes I have examined. 

(t») The Lahore Museum astrolabe has a tablet for the latitude of the equator, 
ere the obhque and straight horizons coincide and this line is marked al-maghrib 
(d- ard m the wesi^no latitude ’ and aUmsUiq al-‘md lah, ‘ the east no latitude ’ 
Below the horizon are concentric semicircles which appear to be circles ofdeclina- 
faon: a sin^r tablet is in the ‘Delhi Q’ instrument.* Another curious tablet 
belongs to the Jaipur Hmdu nisfi astrolabe (described below p. 31) and is for 
totnd. ,2» North. It has ^.graved upon it only the tje 0^01^14 fte 
almucantarats (none bemg numbered-the only number inscribed being ‘72’) 
The India Office :^du astrolabe contains a sinular projection, but more complete 

and IS marked amSa 72, hora 23. 

^ Avamti is Ujjain, the latitude of which is roughly 23® 10'. The latiindA j i. j •- 

mately 23“ 0'. ® ^ latitude of Ahmedabad is approxi- 

• Morley says; “These last two mentioned Safihaha appear to have been useH j i ^ 



Plate V. 
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In an astrolabe (Delhi Q) that was shown to me in Delhi there are two 
■other types : {i) a tablet with co-ordinates for latitudes 30“ (IS” 66“) and 28° (13** 
46*") engraved on the same side, and a similar one for latitudes 40 (14** 51“) and 
62° ; (n) a tablet split into two halves along the meridian, for latitudes 32° 
(14“ 6*") and 36° (14" 26***). 

12 . * Ankabut [aranea) or shabakah {rete). The ‘anTeabut or ‘spider’ is an open 
work tablet so arranged that the one below it may be conveniently seen 
(Figures 6, 6, 9 and 10). It exhibits a graduated ecliptic circle^ with the signs of 
the zodiac and a number of the more important northerly stars. The points 
{shasayd) of the net work indicate the positions of the stars, the names of which 
are engraved on the branches. The number of stars varies with the size, etc., of 
the instrument. The small Jaipur astrolabe (D) has 26, the Shah Husain 
instrument has 63, etc. 

The ‘ankabiit is generally the most ornamental part of the instrument: it 
is sometimes inlaid with silver; Jaipur A shows the forms of the constellation 
animals, etc. The ‘ankabut is not used in a fixed position like the other 
tablets, but can be rotated and thus is employed, in combination with the tablet 
placed below, for finding the position of any star at a given time, the ascen, 
■dant or ‘ horoscope,’ the time and length of the day, etc., etc. 

13. Back of toe Astrolabe {Zahr al-Asf,urldb). 

The back of the astrolabe is usually covered with a great deal of information, 
useful principally to the geographer and astrologer. The several instruments 
difier in detail, but the general arrangement is much the same. The contents 
may be roughly classified thus:— 

(а) The upper half of the periphery is graduated into degrees, etc. 

(б) The South East quadrant ® consists of a graphic table of sines. 

(c) The South West quadrant ® is inscribed with declination graphs, etc. 

(d) Shadow scales (lower periphery and central rectangle). 

(e) Tables of signs, mansions, planets, terms, faces, etc.; generally con¬ 

tained in the inner semi-circles of the lower half of the disc. 

Special tables contained in rectangles such as: 

(/) The times of the rising of the signs (In the centre of figure 8). 

{g) Trigons or triplicates and their regents (In the centre of figure 12 and 
right of figure 7). 

{h) Table of climates (Lower part of figure 7). 

(i) Differences between true and nominal years (Left of figure 7). 

(a) The periphery of each of the upper quadrants is graduated into degrees 
•commencing from the east and west points. In ‘ Jaipur A ’ (figure 7) the degrees 
are divided into quarters. In conjunction with the alhidade or sighter these 
graduations were used for measuring altitudes and other angles. 

1 The nf t.hn nn1ip1.ic ia the difltanoe Cs or At. (Plato 'V) bct-wcon Iho inteFBcotion,8 on the 

lino N S of the tropics of Caprioorn and Oanoer. The graduations of tho ecliptio lie on the 
lino joining the pole of the eoliptio to tho oorrosponding graduations on the equator. Tho pole of the 
•equator is, of course, at the centre of the disc, while the pole of tho eoliptio is at a diatanoe from the 
pole of the equator equal to the maaimum declination (approximately SSJ®). It is sometimes marked 

al-huruj- 

■ The south point is at tho top of the disc. 
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(6) The ‘ quadrant of sines ’ occupies the south-east quadrant and occurs in 
most instruments. In some instruments the vertical radius is divided into sixty 
equal parts, and lines parallel to the other radius are drawn to the circumference 
from each point of division (figure 12) ; in others, both radii are so divided and 
horizontal and vertical lines are drawn from each point of division (figure 8); in 
others, horizontal lines are drawn from each degree on the quadrant. The 
vertical and horizontal scales indicate the sines and cosines of the correspond- 
iog angles. In the description of the Zarqali astrolabe below (p. 29) the use 
of these scales is explained in more detail. In some instruments arcs for 23 - 2 °, 
30°, etc., are described. 

(c) The south-west quadrant in most instruments exhibits a sort of yearly 
calendar. The horizontal and vertical radii are divided into six equal divisions i 
(fibres 7, 8). From the points of division arcs are described and the names or 
numbers (figure 11) of the signs are written in the spaces, six on the Lorizontal 
radius and six on the vertical, in the following order:— 


3 

Vertical • . Cancer 

Horizontal . Gemini 

2 


4 6 6 

Leo Virgo Libra 

Taurus Aries Pisces 

1 0 11 


7 8 

Scorpio Sagittarius 
Aquarius Capricornus 
10 9 


This division, combined with the graduated circumference, forms a scale of 
circular and angular co-ordinates, and on this scale are traced various kinds of 
graphs ® showing, for example— 

{i) The relation between the sun’s right ascension and meridian altitude 
(figures 7, 8 and 37); 

{ii) The meridian altitudes for certain latitudes (figure 12) ; 

(Hi) The altitude of the sun when it traverses the azimuthal circle of the 
Ka’bah at Mecca ; 

(w) The temporal or unequal hours (figure XI). 

{d) There are generally four sets of shadow scales ® two on the periphery of 

1 In the Herat (figvire 12) and the Shah ^uaain instruments the. main divisions arc not o<iual Lut propor - 
tionaJ to the sun’s declination. 

« Figure 37 shows how the curve (i) is constructed for latitude 27 N. For each pair of signs, radii 
marking the angle of the meridian altitude of the sun are drawn, and the points of intersection of' these 
radii with the corresponding arcs of the signs are joined. To make the graph perfectly correct, intermediate 
points must, of course, also be fixed. Figure 11 shows the unequal hour curves. According to Delambro 
{Astrimmie du Moyen. Age, p. 243) this is first described in q small work by Saorohosoo {circa A.D. 12C0). 
It occurs on many old astrolabes, but it gives only roughly approximate results. To construct these hour 
lines the arc of the quadrant is divided into six equal parts aud a semi-cirolo erected on ono of the bound¬ 
ing radii. This is the sixth hour line and the others are arcs of circles of which the centres are on the 
same radius, but at points equidistant from the centre of the quadrant and from the successive points cf 
divisiou on the arc of the queidraait. ^ 

> Figure 23 shows how these scales are constructed. There ore generally two kinds of ecul cj- one 
for a 7-unit pomon aud the other for a 12-unit gnomon. The semi-circle a c e is bisected at c, and ac 
and ce are bisected at 6 and d. The line Id, which is bisected at c\ is the basis for both scales - the 
part &c» is divided into 12 equal divisionB and oM into 7 equal divisions and these graduations are oontiu- 
ned on them respective sides, as far as is convenient. Lines joining the points of division with the centre 
out the Mos and the small central rectangle, and form on them the shadow scales. On most astrolabes 
the 15-unit scales are on o 6 e and h g, eto.; and the 7-unit scales on c e and i 1. The Zarqali astrolabe 
has, however, m place of the central rectangle, the smaUer semi-oirole, fj, graduated. Variations occur e.q. 
the basis line (6 c^) may be placed vertically through 6, and then graduated* ' " 



23 


ASTEONOMICAL OBSEEVATORIES OF JAI SINGH. 

the lower half of the disc and two in the central rectangle. In the Zarqali 
instrument, however, the latter are replaced by a pair of central circular shadow 
scales (figure 19). Given the length of the shadow in terms of its gnomon—by the 
aid of the shadow scale and the alhidade the degree of altitude of the sun 
and the time can be found. 

(e) In most of the instruments the inner semi-circles of the lower half of 
the disc give lists of the signs, manzils, terms, faces, etc. These tables are 
generally for astrological purposes, and they are explained in some detail in a 
note on astrology appended to this vohune (appendix B). 

Some of the special tables are of great interest. The following are 
taken from A, B, and C (figures 7, 8 and 12). 

(/) A table of rising signs is given in the central rectangle of ‘ Jaipur B.' 

Table of times o/ rising of the signs for the latitudes of certain cities in India. 



ao 

38 

37 

30 

35 

34 

33 

32 

31 

30 

i 1 

28 

27 

2(1 

26 

24 

23 

22 

21 

20 


U. M. 

IJ.M. 

II. M. 

11. M. 

JKM. 

11. M. 

H.M. 

11, JO. 

II. M. 

11. M. 

Il.M.K.AL. 

11. M. 

tl. M. 

n.M. 

IT. iVl. 

II. 1\I. 

JI.M. 

IT.M. 

rr. M. 


-- 


1 14 

1 IT) 

1 1(1 

1 18 

'110 

1 20 

1 21 

1 22 

1 21 

tar. 

ta, 

1 27 

1 28 

1 29 

1 30 

1 31 

1 32 

1 33 

1 34 

135 

I’Ihcl'U I 

, Anon, 


1 28 

1 29 

1 31 

1 32 

' 1 33 

1 31 

1 36 

1 3ft 

1 37 

1 38 

1 88 

t 30 

1 40 

1 41 

1 42 

1 43 

1 44 

1 44 

1 46 

1 40 

a 

1 

Ttiurtu- 


1 5(1 

1 57 

1 57 

1 57 

' 1 57 

1 .58 

J 58 

1 58 

1 50 

2 0 

' 2 0 

2 0 

2' 1 

2 1 

2 2 

2 2 

2 2 

2 3 

2 3 

2 3 

UjiprluoriraH 

(Icirifii. 


0 22 

2 21 

2 21 

2 20 

1 2 20 

2 20 

2 10 

2 10 

2 18 

2 18 

' 2 17 

2 17 

2 17 

2 10 

2 10 

2 10 

2 15 

2 16 

2 15 

2 14 

SaglLUirlim ^ 

COHeJT. 

ti 

2 31 

2 30 

2 20 

2 28| 2 27 

2 20 

2 25 

2 24 

2 22 

2 22 

2 2l' 

2 20 

2 10 

2 18 

2 17 

2 17 

2 10 

2 10 

2 11 

2 14 

H<?oritlo 

Loo. 


2 3U 

2 28 

2 27 

2 20 

' 2 2 

2 23 

2 22 

2 21 

2 20 

2 10 

2 IS 

1 

2 1ft 

2 15 

2 14 

2 13 

2 12 

2 n 

2 10 

2 10 

2 0 

Lllirii 

Virgo. 


This table and the rule on which it is based played a very important part 
in mediaeval astronomy and astrology.^ 

{g) Trigons.—On the right of the lower half of ‘ Jaipur B ’ (figure 8) and in 
the centre of G (figure 12) is a table showing the regents of the trigons, etc. 


Nature of the Trigons and their Regents or Lords. 


Nature of tho 
Triplldtica. 


lilory. 



Jdartliy. 



Airy. 



Wat ry. 


Day Lords 

Sun 

Jupiter . 

Saturn . 

Vemi.4 . 

Moon . 

MatB 

Saturn . 

Meroury 

Jupllor . 

VonuB . 

Jdurs 

Moons. 

TripllciticB 

AriPfl . 

Leo 

SagittarhiH 

TauriiB . 

Virgo . 

Oaprlc- 

omiiB. 

Qominl . 

Libra , 

AquarhiB 

CaiiOLT . 

Scorpio . 

PlaooH. 

Night Lords 

JuidtPr . 

Sun 

tiuturn . 

Moon . 

Vpiuw . 

Mnrn 

Meroury 

Saturn . 

Jupiter * 

Marfl . 

Vonua . 

Moon. 


The triplioities, or trigons, are groups of three signs, each of which is 
situated 120 degrees from the other two. It will be noticed that Saturn, 
Mars, Jupiter and the Moon occur in their respective triplicities both as day 
and night regents and they are sometimes therefore termed ‘ common regents.’ 
(See Appendix B.) 


1 »See Book ii of tho Almagest ; al-Battani, Opiis AstrommicuAfh 2 nd Part, id. C 5f; the Surya 
Siddlidnta, ii, 60f. etc.; also the note on astrology (Apiiondix B). From the formula Sin ui^ian 4>, ian i, 
where isjthe latitude and S tho declination, tho so-ooUed aacensianal di(j&rences are calculated ; then 


, 30% coaw. . , T . 

from sinhx -- ^ -4-^21 = 

QOS 0i 

calculated; and finally = ^2 

— a2 und so c r, since = h®, &5 = 


n 60®. cos cx) . , , V n 1 r X 

--— , sin (hi + 52 63) = 1 the values of 0 aro 

— «2 + Oi, Iz = ^3 — itz + Ofe, /i = — (74 + 

anda^ = a2,U5 = aj. 
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(h) Climates. —Tte table of climates occurs only on Jaipur A {figwe 7)y 
towards the bottom of the lower half of the disc. 


Table of climcUes. 


Climates. 

First. 

Sboond. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Beginnings (&)and 
middles (m) 

b m 

b m 

b m 

b m 

b m 

b m 

b m 

Latitudes 

1 1243 184* 

20 ” 2410 

2734 3046 

3343 3026 

391 41*1 

4330 4538 

4708 4808 

Hours 

12“ 13» 

1316 1360 

1346 140 

I 41 B 1430 

14*5 150 

16“ 16“ 

16“ 16" 


This topic of ‘ Climates ’ recalls a most interesting chapter in the history of 
civilization. It exercised the attention of such astronomers and astrologers as 
Eudoxus, Eratosthenes, Hipparchus, Manilius, Ptolemy, Dorothea of Sidon, etc., etc. 
The subject presented difficulties. The number of climates assumed varied, 
but generally a chorographic system, which applied the seven planets to the 
seven zones or climates, prevailed. Also, according to Paul of Alexandria, 
“ each sign corresponds to a climate or parallel, and by virtue of its Trigon 
to each quarter.” For the mathematicians, the problem was to find a progres¬ 
sion corresponding to ascensional differences. They took the l eng th of the day 
as the measure,^ and progressed from one climate to another by half hour steps. 
(See appendix C.) 


(i) The year. —The rectangular table to the left in Jaipur A {fyure 7) shows 
multiples of the differences between the approximately correct length of the 
tropical year and 365 days, thus : 


0768 

340“ 

262“ 

16618 

774B 

360*a 

202“ 

176 « 

87 “ 

9 

8 

7 

0 

5 

4 

3 

2 

1 

90 

80 

70 

60 

60 

40 

30 

20 

10 

319^8 

164 » 

0 8” 

213 « 

1 67“ 

262* 

106“ 

IV 

1 

166” 


The table gives n(87° 33' 6")—£i.360° where n ranges from 1 to 9 and 
from 10 to 90 and a is a whole number.® Now 87° 33' 6", expressed in time, 
is 5 hours 60 minutes 12-4 seconds, and the length of the tropical year was. 
supposed to be 366 days 5 hours 60 minutes 12-4 seconds.® 


* The measure of the longest day is -jg- where ain h = tan 4). tan co. 

* For example 106° 33'=30 (87° 33' 6')—a.380=2626° 33'—a.360°=106° 33'—a.360° and «=7 

» A British Museum astrolabe dated A.H. 1070 (=A.r. 1669-60), by Muhammad Muqim of Lahore, giyes the 

8&1ID.6 ^ 


Al-BattM gives 86 ° 36' and Nallino gives the following note: “Hsbash in suo aslronomicD libro narrat 
partem exoedentem revolutions (fail al-daur), scilicet quaniitatem (gradibus expressam) qua Solis tot us 
366 dies exccdit, inventam esse ab astronomis kbalifoe al-Ma‘niun ^ amnitus 

In specula al-Shammasiyyah , , . . . . , 86 ° 43 * 39 ** 

Damasoi in nrbe ..... , ^ , 350 2511 

a T^y’a ibn Abi Mansur ... ! 86 ° 36‘ 13" 

In tabuhs suis Habash primam quantitatem receipt, rotunde soribens 86 ° 43* 39 *' 37111 v«1 

tempus conversis, e*" 46" 64‘3e‘etc.” 0pm AstroTunni^^A, i. pp. 42 & 211. ’ ’ ^ bus m 

tropical year espisssed in mean time is 366 days 6 hours 48 minutes 46-6 seconds 

or 3€5-2422 days nearly. 


36 *‘ 

I41U 

40111 


4717 

0*" 
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14. The face.— {Wajh or Venter).—The inside surface (venter) of most of 
the astrolabes is engraved with a list of cities and their latitudes and longitudes 
and, sometimes, their position relative to Mecca.^ The last is indicated by the 
inTpiraf or ‘ inclination ’ and the masdfat or ‘ distance ’ and jihai (side or point 
of the compass). The inhiraf is the arc of the horizon intercepted between 
the meridian of the place and the vertical circle passing through the zenith 
of Mecca. * The Masafat is the distance of Mecca measured along a great 
circle, and the jihatis the quarter of the horizon in which Mecca lies. 

Jaipur B (figure 13) gives the longitude and latitude of 210 places, and 
also the districts in which they are situated, but does not give the inhirSf etc.; 
Jaipur D gives 36 towns; the Herat astrolabe (C) gives 44 places with the 
inhiraf and jihat; the Shah Husain instrument gives 103 places with latitude, 
longitude, inhiraf, masafat and jihat; the Lahore astrolabe gives also 36 places, 
with latitudes and longitudes only. A selection from these astrolabe gazetteers 
is given in an appendix (pp. 127-8). 

The longitude is in all cases reckoned from the ‘ Fortunate Islands.’ Com¬ 
pared with a modem atlas the differences for a few selected ’ places are— 


Maraghah . 




• 




Longilndo 

difidionoo. 

. 35° 43' 

Latitude 

differoQoe. 

0° 1' 

Baghdad 








. 35° 22' 

0° 4' 

Shiraz 






> 


. 35° 20' 

0° 6' 

Nishapur 






• 


. 33° 60' 

0° 13' 

Yezd 






i 


. 34° 30' 

0° 22' 

Isfahan 








. 34° 66' 

0° 14' 


The difierence in latitude may be taken as some criterion of the accuracy 
of the determinations, but it must be remembered that the precise localities of 
the observations (old and new) are not known.* 

The longitude differences point to some place about 35 degrees west of 
Greenwich as the point of origin. The zero meridian therefore passed through 
the Azores. In this matter the Muhammadans copied the Greeks, who fixed 
upon the ‘ Fortunate Isles,’ possibly, as the western end of the world. These 
‘ Fortunate Isles ’ were originally imaginary islands where the souls of the good 
were made happy, but later the name became attached to the Canary Islands. 
In the Am-i-AM)arl ® we read; “ The Greeks commence their reckoning from 
Khalidat, which are six islands in the western ocean, which in ancient times 
were inhabited, but now are inundated, etc.” 

1 See the excellent little book Paraphrase de Vastrolahe written in A.D, 1666 by Jaqucs Fooard do 
MonLpoltier, who terms the venter * Miroor du Monde * and gives on it an actual map of the world (i. 136-7). 

a The angulua positionie of the old geographers. See aJ-Battani i, 130-7; L. A. S^dillot’s Mdmoire, 97f.; 
the Nuzhai alrQvluh (Ed. 9. le Strange) p. 26 ; &o. &o. 

8 The values given on all the instruments examined for these six places are the same: at Maraghah, 
Baghdad and Nisabur were important observatories. 

4 One seoend cf longitude at Delhi is roughly equivalent to about 30 yards; very roughly a mile to a 
minute of arc. (At latitude 30® N. one degree of longitude^96489 metres=69-97 miles) 

^ Ed. Gladwin, ii. 361. 
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The longitude values are somewhat irregular and illustrate the inherent difficulty 
in the determination. The errors for Jerusalem and Cairo and Mecca seem to 
be traditional. The list of names on ‘Jaipur B' (figure 13).is interesting as being 
■copied from Ulugh Beg’s table.^ The number of towns is the same, but the 
astrolabe designer left out some of the western places [e.g,, those in the 
country of Rum and some of those of Sham (Syria) ], and added some extra 
towns for India. Otherwise the names, the order and the latitudes and 
longitudes are the same. 

15. The AJhidade ( Hdddah) or Sighter.—In all old oriental astrolabes the 
alhidade is of the type attached to Jaipur A and shown in figure 7. It is 
fixed on the centre pin so that its graduated edge lies on a diameter of the 
circle. Half of the bevelled edge (the right upper edge in figure 7) is divided 
into 60 equal divisions, every third division being numbered. The left upper 
edge is divided into six equal divisions, corresponding to the divisions for the 
.signs of the zodiac in the south-west quadrant, and each division is marked 
with its two proper signs and divided into 16 parts. The right lower edge is 
•divided into sis divisions numbered 1 and 12, 2 and 11, etc. Near to each 
end is fixed a sighting tablet, each having two holes, the upper pair generally 
being the larger. On modern Hindu instruments is another type of revol¬ 
ving index. It has no sighters and is the length of the radius only. In 
mediaeval European instruments we often find such a marker or ‘label,’ as it 
was called,® used on the front of the astrolabe. (Figure 24.) 

The drawings A, B, C (fig. 27) are taken from Morley’s work.® The last, 
U, is from Focard ‘ and the others, A and B, Morley copied from Ritter.® 


^ See L. P. E. A. S^dillot, ProUgomhnes des taibles astronomiques cT Ohug-Beg. 1863, p. 267 1 Compare 
•ako al-Battani’s list [Opus Astronomicwm ii, 33—64). 

® Ostemor, Pomlla. 

» A is fig. 34, B fig. 36 and C fig. 32 of Plate XXXI of Morley. 

* Paraphrase de Vastrolabe, Lyon, 1666. 

® Astrolabium, Pranc. Bitteri, Nnmberg. 1613. 


Chapter IV.—THE ZAEQALI ASTROLABE. 


16. Th.e instrument shown in figures 19 and 20 is dated the 23rd year oi 
the reign of Aurangzeb and A. H. 1091 (A.D. 1680), and was made at Delhi 
for Nawab Iftikhar Khan of Jaunpur^ by a certain Zia al-Din b. MuUa Qasim 
Muhammad b. Hafiz Isa b. AUah Dad, Humayuni, asiurlab maker of Lahore.** The- 
instrument is now at Jaipur. It is labelled ‘Yantra Ja/ra Kail sarva d^i: It 
is two feet in diameter and is made of brass and consists of one disc only 
engraved on both sides and is described in the inscription as a ‘ Zarqah 

astrolabe and as a ‘ single leaf ’ instrument. 

The invention of this instrument is usually attributed to Ibrahim b. 
Yahya al-Naqqash (the engraver), bom at Cordova, and who lived from about A.D. 
1029 to 1087 * He was known as al-Zarq^ali (Arzachel) and his instrument was 
called al-saflhat ahzarqaliya ‘ the tablet of al-Zarqall and was famous in mediaeval 

Europe under the name Sa/phaea Arzachelis. 

17 The characteristic part of the instrument is engraved on the reverse. 
The ordinary astrolabe was considered inconvenient, inasmuch as for every new 
latitude an additional tablet was required. Al-Zarqali tried to remove this diffi¬ 
culty by substituting a horizontal projection for the usual polar projection. fr 
took as his centre of projection one of the equinoctial points, and made the- 
solstitial coluxe {i.e., the great circle passing through the solstitial pomts and 

the poles of the equator) the plane of projection.® _ 

The projections of the two celestial hemispheres exactly coincide, and the 
scheme can be used for any geographical latitude. By the aid of the index 
and sighter most of the results given by the ordinary astrolabe can be obtained. 
The index of the Jaipur instrument consists of cross bars (four arms at right 


angles). ._ ___ 

- 1 The reading of this word is unoertain, but Iftikhar Khaa wM poaaihly Huipn Hwaiix, who in tho- 

fitst yeax of ‘AlLgir was given the title ‘Iftikhar Khan’ and who wae raujdar of Jaunpur where ho 

appears to be the maker also of the very fine ‘ complete ’ astrolabe (Jaipur B, figures 6 and 8) made in 

^■^■»’'Sarq.ali called it al-'Abb&mya in honour of aJ-Mu‘tamid b. ‘Ahb5d, king of Seville (A.D. 1068- 

men See 0. Nallino. Encychpoedia of lal&m p. 502. . ^ 

* s!ter (p. 109). who also reoerds (p. 163) that ono Al^mad b. M. b. ‘ Othman ab^, who died at 
Morocco about A.D. 1340, also wrote on the use of the Sak&ri and ZarqaM Sap^. For a brief description of the 

See also L. A. S6dillot’s MimoifR, p. 184 and fig. 96. 

25, PF. are the poles of the equator, K^ is a pole of the ecliptic, and Pr. F ,0. is the equinoctial 

oolure The centre of projection is .Q. and p c g is a half of the projected solstrti^ ooli^. ^ the 
i circles of declination, etc., are drawn for angles of 30», 46», and 60«. D.B, ^d are 

ciS of declination. pA^ pS pA.p^ pA,p^ are circles marking right ascension j similarly LiL„ L,L,. L.L, axe 
^ ^ ^ V , - oirolea of longitude. On the instrument itself circles of decimation and 

SI “ ^ 

The latitudes and declination circles are numbered from the centre to the poles; the eohptio is marked 
Itl the siKUS of the zodiac from 0 to F (figure 21). and back again from F to O, and similarly along 
* 1 . ,,+hpr half of the ecliptic line, and each sign is graduated for every three degrees; the graduations 
on thf equator commence at D and proceed on the north side of the Kne to B which « “umbemd 180, 
^ then the graduations are continued on the south side of the Une ending up at D. which is this time 

numbered 360. p 2 
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The projection was used for mapping out both the celestial hemispheres. 
For example we have (fig. 21) the stars Simdh-Ramihk (Aroturus) and Fam 
al-Faras (Enii)Jplaced near each other something like this 



Their right ascensions may therefore be read 


But, as the scale on the instrument commences at the winter solstice,^ and 

the first pomt of Aries is reckoned as 90 instead of 0 we must deduct 90 
we then have 


F —38 or 218 


S —SI or 211 


^ appro^tdy 322°, which is the seme as 
S8 (360 322—38) and S was approximately 210j°. 

^ In Appendix A4 the names and approximate positions of certain stars on the 
instrument are compared with the positions as given by Flamsteed. 

18. There are also the names of several stars written in the Devanagan character 
e.g., Mar^h with R. A. 204'’ and decimation 5VN., and Pulahi with 19A° or 

wh.ch Btosteed gives R. A. 203» 60' and declination 60“63'; and Pnl2 may ha 
a Uts( 8 Ma/jons, for winch Flamsteed gives 161° 2^' and 63° 26' 

Also the names of a nmnbei of towns ate given, i.e., the celestial map is 
also nsed for geogiaphioal pnrposes. The anis CA appeals to have been t«V.v 
as zero longitnde, and Baghdad, or some place with nearly the same longitndT 
appears to have been considered as situated on this axis. ^gi^uae, 

^ al-Hasajf b. ‘Ab b. ‘ Omar al-MarrakoBhi, Abu ‘Aliffl a n lonoT 

to employ Right aaoensions, which he reckoned from the Lt point of OanT*™ ^ 

The Chronology of Star Oaiaioguea, p. 14 . Oapnoomns. See E. B. Knobel, 
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Some of the towns and their positions are given below:— 


Namo of Town. 

Lonffltado with 
Toforenco to 

C A In 
llgliro 21. 

Latltndo with 
refeTonee to 

D Bln 
flguro 21. 

1 Longltiido with 
rdnrenoo to 
Baghdad aB glvon 
on Jaipm B. 

Latitude as given 
on Jaipur B, 






1 ° 

0 

o 

/ 

u 

« 

HaJab (Aleppo) 

. 

• 

• 

• 

—8 

+ 36J 

—7 

60 

+36 

30 

Tfis . . . 

. 

- 

• 

• 

+ 13 

+37 

+12 

30 

+37 

0 

Kabul . 

. 

• 

• 

• 

+24i 

+34 

+24 

40 

+34 

7 

JahSnab^ (Delhi) . 


• 

• 

• 

+34 

+28i 

+83 

35 

+28 

39 

Lahore . 

• 

• 

• 

• 

+29J 

+31i 

+29 

20 

+31 

60 


19. The obverse 'of the disc (figure 19) contains scales and tables,^ which 
are, more or less, common to all astrolabes. Keading from the circumference 
towards the centre :— 

(а) The two upper quadrants are graduated for every three degrees 

(nvunbered in the abjad notation), also in degrees, numbered in Arabic 
numerals from 1 to 90, and in one-sixths of degrees, or every twelve 
minutes. 

(б) The periphery of the lower quadrants is graduated by shadow scales— 

on the left a ‘twelve scale’ and on the right a ‘seven scale.’ 
(See p. 22.) 

(c) The next complete annulus contains the signs of the zodiac, which are 

accompanied by graduations down to intervals of twelve minutes. 

(d) Next are the mcmzils or ‘ mansions of the moon.’, 

(e) The planets—twelve to each sign—with graduations for every 2\ degrees* 

(/) The planets—nine to each sign—^with graduation for every 3° 20.' 

ig) The planets—^five to each sign—with their li33aits or terms indicated. 

(7i) The planets—seven to each sign—at intervals of 4^ degrees. 

(i) The planets—^three to each sign. These are the ‘ faces ’ of the particular 
sign. 

{j) Again three planets to each sign. 

(k) Another pair of shadow scales. 

{1) Separated from the others by the smaller shadow scales (A) are the names 
of the European months, with a scale showing the days of each month, etc.. The 
instrument was made in A.D. 1G80 and correctly indicates that spring commenced on 
March 10th. 

20. The central part of the disc consists of a projection of a sphere and a table 
of sines.^ These are illustrated in figure 22, where the quadrant OAB forms the table 
of sines. The arc AB is divided into degrees, and, ficom every point of division lines 

1 Of these, c to j are shown in the appendix on astrology (p. 124). 

a On an astrolabe made at Seville in A.H, 609 (A-O, 1211-12) similar oonstruotioiis are found* See 
the articles by MM, Sauvaire and Pailhade, Journal AaiaMque, 1893, 9 s6rio, i, pp. 0t. and 186f, 
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are drawn perpendicular to OA. The radiua OB is divided into 00 equal parts, and- 
lines are drawn parallel to OA. In the diagram m 40° reads 39 °, i.e., fo or ‘65, but- 
the instrument itself is more accurate than this. The radios OD is divided into sixty- 
equal parts, and, through each point of division, circles, also passing through the 
points A and C, are drawn. These arcs are orthogonal projections of great circles 
inclined to the meridian C^A^ of the sphere ABCD. For example, the arc passing, 
through the division numbered 60 represents a circle on the sphere inclined to the 
meridian at an angle 4 ), such that sin 4 , =fg (=*836). Now the arc 60 in the qua¬ 
drant CB touches the horizontal line 60 which cuts the arc BA at 66 j, therefore 41 
[actually sin 56j=*'8389]. 



Fia. ao. an.v.Dow scales. 



Fio. 35. PROJECTION FOR FIGURE 19. 


Platb VIU 








Chapter V.—HINDU METAL INSTRUMENTS. 


21. Hindu astrolabes are mostly of modern workmanship and of modern pattern ; 
but at Jaipur there is a Hindu copy of a Persian astrolabe that is of interest. It is 
of inferior workmanship, and was, apparently, never properly completed.^ It is a 
thultU or tripartite iustrument, and has two tablets, for latitudes 27° and 72 N., an 
a tablet of celestial latitudes and longitudes. On the ‘ankabut the ecliptic is graduated 
at intervals of 6 degrees (figure 26), and on most of the points no names are engraved. 
On the back of the instrument (figure 27) is the usual table of smes, and declination 
graphs for 27° and 28° 39'. On the lower half are the usual shadow scales but nothing 


Latitude. 

Lt>iigtitudo. 

26“ 

36' 

109“ 

6' 

23“ 

30' 

110“ 

60' 

29“ 

0' 

113“ 

0' 

26“ 

16' 

117“ 

20' 


24°, 26°, 
‘ ankabfit 


dsc 

Morley describes two other Hindu astrolabes, one belonging to the Royal Asiatic 
Society, and the other to the India Office.^ (1) That belonging to the Royal Asiatic 
Society is a bipartite instrument, and appears to contain one disc only for latitude 
24°N. The ‘ankabut has 23 points with the names of stars engraved thereon. The 
back has the table of sines and the shadow scales. (2) The India Office instrument 
is said to be of poor workmanship. It is a sexpartite instrument, 3 inches m diameter. 
Within the umm is a table of 16 Indian cities, with latitudes and longitudes, the latter 
reckoned from the ‘ Fortunate Isles,’ e.g .— 

Jayanpux . 

Ujjeyani 

Dellii .. 

Benares 

There are seven tablets—six fox latitudes 0°, 17 , 18 , 20,21 , 23 , 

27° 29° 32' and 72°, and one with the usual horizons on one side, and the 
co-ordinates on the other. On the back is a set of tables termed farmmkrantL 
In 1790 R. Burrow related that he “ Compared an Astrolabe in the Nagri 
character (brought by Dr. Mackinon from Jaynagur) with Chaucer’s description, 
and found them to agree most minutely, " even the centre pm, which Chaucer 
flailfl ‘the horse,’ has a horse’s head upon it in the instrument.”^ 

The only other ordinary astrolabe of Hindu make, and of any age, known 
-to me is R in the list on p. 17. It is engraved in DevanSgari character and is 
of very crude workmanship, as compared with A, B, C, D andE. It is of copper, 
of 7 inches diameter, and contains two tablets, besides the ecliptic tablet 
.(‘ankabut). The venter is plain, while the back has only the central rectangular 
shadow scales, the sinus quadrmtus ruled into 30 equal divisions, and the 
declination quadrant divided into even spaces by 16 arcs. The two tablets are 
tripartite, and, besides the almucantarats and azimuth lines, have the equal and 
temporal hour lines. They are inscribed thus 
..(a,) Longest day 33—30 Longest day 36—24 

Avanti. Latitude 37. 


1 The India OfBoe ir.'.irunionte arc noif in the Indian isootion .-vt the Sonth Kensington Mnseum. 

2 Asiatic Researches, J700, Vd. ii. p. 



Shadow 9. 

Hypotenuse 16. 

(6j) Tablet of horizon without 
any numbers or inscriptions. 
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Latitude 22, Shadow 6. 

Hypotenuse 13. 

{bi) Longest day 33—50 
Akadavad. 

Latitude 23. 

I 

Shadow 5—6. 

Hypotenuse 13—3. 

The latitudes are here given in four different ways : (i) in degrees, (ii) in length 
of longest day (in ghatis and palas), (in) in length of the equinoctial shadow 
or tan<l>, (iv) by the hypotenuse of the equinoctial shadow or sm<^. 

These may be expressed thus :— 


Values on the Izststeument. 





Lat. 

Longest day. 

tan (j) 

Sin (() 

Longest day. 

Ian (j) 

sin ({> 

o 

9- 


he 

m. s. 



7i. 

m. 8. 



22 

33 

30 

= 13 

24 0 

I—1. 

II 

“l: 

tV =-386 

13 

22 62 

•404 

•376 

23 

33 

60 

= 13 

32 0 

6°6' =*439 

13 

^ -391 
13°3' 

13 

27 16 

•424 

•301 

37 

36 

24 

= 14 

33 36 

A ='760 

jV =-000 

14 

36 48 

•754 

•688 


Caloxilated values. 


Uiau aHLroiaoes V leet m diameter—one 
made of some sixty sheets of iron rivetted together (figure 28), and the other 
of brass, patched up with lead (figure 29). Prom the iron instrument the 
graduations have disappeared. The 'brass instrument is tdmm (complete) 
for latitude 27 K It has an ecliptic circle, and a tube sighter of modern 
workmanship. These two instruments may possibly be of the original metal 

_ 23. The Vnnatamm Ymara is possibly mother ol Jai Singh’s original 

instruments It is a graduated brass circle, 17J feet in diameter, suspended so 

r “ instrument 

Zai-al-Halqa (consisting of a ring) of brass, in diameter three gaz of the 

Tr^ii; “apTeie” “ 

The Chakra Yantra (circle instrument) is an equatorial. There are two 
at Jaipur each 6 feet m diameter (figure 57) and one at Benares, 3 feet 7 
inches m diameter. The Chakra Yantra is fixed so as to revolve about an axis 
parallel to the earth a axis. At the southern end of the axis of the instrument 
IS a separate ^aduated circle, fixed on the supporting pillar. The axis carries 
a pomter,_ which indicates the hour angle on the fixed circle; and the main 
movable circle carries an index and sigbter (figure 68). 

The KnMi Trim Ymtra (‘ Eobptio instrument ’), found at Jaipur onlr is 
quite a modern instrument, but is said to have been made ace ordinr to 

* The gnomon la supposed to be twelve units, or 720 minutes in length. ' -- 
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Jagannath’s instructions; and there still is at Jaipur the old masonry work 
for a much larger instrument of the same type. The Kranti Vritti Yantra 
is used for direct measurements of celestial latitude and longitude. It consists 
of two brass circles (figure 68), pivoted so that one always moves in the plane 
of the equator and the other in the plane of the ecliptic. It is more suitable for 
demonstration purposes than for actual observation. (See page 51.) This is the 
Torquetum of Eegiomontanus (1434-1476), which was rejected by Tycho Brahe as a 
clumsy instrument.^ 

24. At Jaipur I was shown a modern Hindu astrolabe or Yantra R&j, dated 
Samvat 1799 (=A.D. 1877). It is a single disc thidthl or tripartite instrument 
for latitude 27° N., with an ecliptic circle and ruler. On the obverse of the disc 
are engraved azimuth lines for 30°, 60° and 90°, and also the temporal hour lines, 


and also the names of the following stars :— 


Nalao on inBlmmonl. 

Modorii ITomo. 

Name on Inwirumont. 

ModOL’n Kama. 

1 Samudra pak& 

P CetL 

0 Chitra 

a Virginis, 

2 Rohini . . • . 

a Tauri, 

10 Svati 

a Boolia, 

3 Ardra . . • • 

a Orionis, 

11 Anuriidhtl . 

a, Bcorpii. 

4 Lubdhaka 

a Canis Majoris, 

12 Abhijit 

a LyrcB. 

C Pushya . . . - 

S Cancri. 

13 firavana 

a Agidlae. 

6 Magha . . . • 

a Leonis, 

14 Satajivrt 

Aquilae, 

7 ? . . • • 

* • 

IB PUrvabhadrapadiL 

]3 Pegaai. 

8 Hasta . , . - 

g Corvi. 


• • 


The ruler is of the same type as those employed on the face of certain 


mediaeval European instruments (see p. 26). ^ ^ 

26. The Dhruva Bhrama Yantra or ‘ Circumpolar instrument is ano her 
modern Hindu instrument of rather crude workmanship. It co^ists of a 
square plate, with a slit near to and paraDel to one edge, and a freely revolmng 
weighted index with four pointers. If the plate is held vertically ^ 

position that the Pole star and the star Markati (Kochab or ^ Ursae Mmons) 
are inline with the slit, then the pointer marked Ghati wiU mdicate sideral time 
in ghatis.^ The other pointers indicate the rising sign, the sign on the meridian^ 
and the rising, meridian and setting nakshatras.® The back of the instr^ent 
is marked Turlya Yantra (quadrant instrument), and consists of a hmged rod, 
two sighting rings on the edge paraUel to the sHt, and a graduated quadrant 
consisting of eleven scales. When the sun shines through the sightmg ring 
the index shows the altitude and the time. Also a list of the 28 ‘mh’i tras 
(initials only), starting with iivini and proceeding in the usual order, is given, 
and to each asterism is attached a number varying from 12| to 18t»__ 


1 See R. Wouff. Qeschichte der AeWonomie, p. 161 and J. L. E. DaBYBH, Tycho 

» The Hindufi reckon their sidereal time from the rising of the vernal equinox, and hence it differs from 


European time by 6 hours* 

3 See Oarrett, p. 62 and plate X, 
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26. Other instruments.-Some time before 1839, Raja Ram Smgli of Kotah 
presented to the Government of India an instrument similar to the Dhruva 
Bhmma Yantra described above. The Raja’s instrument was of massive sUver ^ 

and was made m A.D. 1834. On the reverse is the ‘ sine quadrant ’ usually 
louncl on astrolabes (see page 22). 


The armillary sphere referred to by Tod (see p. 16) is stUl in existence 
and IS a very elaborate affair, although not of much practical use.== 

the Lahore exhibition of 1864 were several astronomical instruments of interest 
--particular^ some astrolabes from Kapurthala. The list of instruments, drawn 
up by a Hmdu astrologer, is curious and valuable.* One of the entries is- 
Yanti Ra]—the usturiab of the Yunani.” 


• Journal of the AeieUie Society of Bengal, 1839, p. 831f. -- 

. “■*"*“«» «< IW'. .totonmli fcr 

. ^ B. H. B.d«. ^ 


Chapter VL—MASONRY INSTRUMENTS. 


27. The masonry instruments, which vary in size from a few feet to 90 
feet in height, are Jai Singh’s chief work. It has already been related how 
Jai Singh discarded brass instruments, and built massive masonry ones in their 
place. His reasons appeared to be, but were not altogether, sound. The brass 
instruments were, he said, faulty, because of their mobihty and size.’ The axes 
became worn and the instruments untrue; the graduations were too small for 
fine measurements, etc. His remedy was to make large, immovable instruments; 
but he thus stereotyped his designs, and hindered further improvements. 
The larger and more immobile an instrument is the greater is the difficulty 
in making alterations and improvements. Jai Singh sacrificed facility for 
supposed accuracy. 

Hunter states that Jai Singh himself devised the Samrat Yantra, the 
Jai Praka6, and the Ram Yantra. These three instruments are indeed peculiar 
to Jai Singh’s observatories, and must be to some extent attributed to Jai 
Singh’s personal ingenuity.’* Jai Singh used other stone instruments, such as 
the mural quadrant and cylindrical dial; but these were not mentioned specially 
in the preface, because they were common to many observatories. They are, 
however, mentioned in JagannSth’s introduction to the Samrat SiddharOa (see 
page 3). 

The masonry instruments are:— 

(a) Samrat YaMra at Delhi, Jaipur (2), Ujjain, and Benares (2). Figures 

34, 35, 43-4G, C6 and Plate XV. 

(&) Jai Prahas at Delhi and Jaipur. Figures 30, 32, 33 and Plate XVIII. 

(c) Ram Yantra at Delhi and Jaipur. Figures 47, 48 , 49, 59 and Plate 

XVII. 

(d) BigamSa Yantra at Jaipur, Ujjain and Benares. Figures 63, 66 and 

Plates XXIV and XXVI. 

(e) - PaTcsIiiniOvritti Yantra at Jaipur, Ujjain and Benares. Figures 60 

and 02. 

(/) Nari-valaya Yanta at Jaipur, Ujjain and Benares. Figures 63 and 66. 

(g) Vritti SJiastamSaJca at Delhi and Jaipur. 

(7t) MUra Yantra at Delhi. Figures 60, 61 and Plate XIX. 

(i) Raii Valaya at Jaipur. Figures 64 and 66. 

(?) Ka/pala at Jaipur. Figure 31. 

The last three of these instruments are possibly of later date than Jai 
Singh, They are mentioned in neither of the contemporary lists. 


1 The contrast with the procedure in Europe is interesting. The European scientist recognised the 
inevitability cf error, and took measures to counteract it with the micrometer, vernier, telescopic 

flights, etc., etc.) Even a modem theodolite, as a useful astronomical instrument, is worth more than all 
Jai Singh’s large buildings. Possibly, Jai Singh’s power and wealth inclined him to move in a direction 
that could not load to the desired end. See page 00. 

“ See page 86, 

a 2 
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28. The Samrat Yantra or ‘ Supreme instrumeut is, as its name implies, 
the most important. It is an equinoctial dial, consisting of a triangular gnomon 
with the hypotenuse parallel to the earth’s axis, and on either side of the 
gnomon is a quadrant of a circle parallel to the plane of the equator. It is, 
in principle, one of the simplest ' equal hour ’ sundials. 

In figures 34 and 36, AB is one edge of the gnomon, the angle ABC is 
equal to the latitude of the place, EF and GH are at right angles to AB, as also 
are DF, MH, If KL is the direction of the sun, then the arc KG indicates 
the time before noon, and the angle HGL the declination, or sun’s angular dis¬ 
tance from the equator. In the actual structure, the considerable width of AA^ 
and GE (each being over 9 feet at Jaipur) practically duplicates the instru¬ 
ments. Each edge of the quadrants is graduated in hours and minutes," as 
well as in degrees, and each edge of the gnomon has two scales of tangents, 

one from H to B, and the other from P to A. In the figure tan 
and GH is the radius of the quadrant MKG. 

The shape of the gnomon is generally a parallel trapezium, as in figure 
34, ABB'C. In the same figure GE represents the position of the quadrants 
as they enter the gnomon, HG=FE is the radius, and the lines radiating from 
E and G show the construction of the scales of tangents on the edge AB. 

In the following list the examples of the Samrat Yantra are enumerated 
and their dimensions (with reference to figure 34) are given:— 


Samrat Yantra. 


Hoight. 

Bauo 

BO. 

nypobo- 

ntwo 

AB 

• 

IlAdlUR 

GH=BF 

Width of 
Qnndrant 
GB 

Angln ABO 
approxi¬ 
mate. 

A(Y 

■ AO 

68' 0" 

60' 4" 

113' 6* 

128' 6" 

49' 0" 

r 7i' 

CO 

o 

00 

89' 

76'3" 

146' 11" 

174'0" 

49' 10" 

CO 

20“ 63' 


18' 6" 

37'0" 

40'8" 

9' li" 



22' (y' 

18' 6^ 

43' 6" 

47' 6" 

9' 1" 


23° 10' 

22' 

16' llj 

36' 10" 

39' 8i" 

9' IV 

6' 10" 

26“ 14' 

8' 3^ 

4' 9^ 

1—' 

o 

o 

11' IJ" 

3'2" 

1' 9’' 

26“ 19' 


DelM . 
Jaipur . 

Ujjain , 
Bonares 


O Xi - ——>.5 Ufcty LO Uay, OWlUg 

to (1) the eccentricity of the earth’s orbit and its consequent more rapid angular 
motion in the winter (when it is nearer the sun) and its slower motion in 
summer; (2) the obliquity of the ecliptic.*’ Consequently a clock going re¬ 
gularly does not agree for long with solar time. In India there is another 
element of difference to consider, due to the standard time being fixed foj* the 

1 WiUiams saya the Arabic name was ' Kootoop bede in UinS i, 

They were originally graduated in gJiafia and palas. 
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longitud6 of 82-^° dogroo oast of GrrooRwich., or 6^- liouxs before Grreenwich. time. 
A table that will enable tbe observer to compare roughly the dial time with 
■clock time is given in appendix C. 

29. The Jai PrakfliS is called by Jagannath sarva yantra §irovnav}ii the 
crest jewel of all instruments.’ It is a hemisphere, on the concave side of which 
are mapped out certain co-ordinates. Cross wires are stretched north to south 
and east to west, and the shadow of the intersection of the wires, falling on 
the surface of the hemisphere, indicates the position of the sun in the heavens 
other heavenly bodies can be observed direct by ‘ placing the eye ’ at the proper 
graduated point, and observing the passage of the body across the point of 
intersection of the wires. For this purpose passages are cut into the hemisphere, 
and the instrument is duplicated. 

The construction of the instrument is seen in the plan and section shown 
in plate XVIII, and in figures 30, 32 and 33. Figure 38 shows a projection of a 
complete Jai Prakas. The outer circle represents the horizon and is graduated 
in degrees. From the centre azimuth lines and altitude circles are drawn. 
(These are not all shown in the plate.) The pole P is at a point on the meri¬ 
dian line, BD, at a distance from the point B equal to the latitude of the 
place (in the plate 28°37' approximately). The equator, AEC, and tropics, /// 
(Capricorn), (Cancer), and intermediate dimnal circles (not shown) arc drawn. 
The equator cuts the meridian at a point, E, at a distance from the centre 
point equal to the latitude of the place (28°37'), and the other circles cut 
the meridian at distances 23-J°, 20°12' and 11°30' on either side of the equator. 
Through the pole, hour circles Pa" Pa®, Pa», etc., are drawn. The circles lilh, 
^15 jh, circles of the signs, and are such, that, when the shadow ^ falls 

on any one of them, the corresponding sign is on the meridian. Two such circles 
cut each of the seven diurnal circles on the meridian, and cut the neiglibouring 
cliunial circles at the proper intervals. At Jaipur a similar instrument (figuco 
31) called Ka/pdla (‘ cup ’ or ‘ hemisphere ’) is so constructed, as to show ‘ rising 
signs.’ In this instrument the edge of the hemisphere corresponds, not to the 
horizon, but to the solstitial colure (i.e., the circle passing through the poles 
and the solstitial points), and, thus, is the Jai PTCtJoui turned through aright 
angle.® 

The Jai Prakas is found only at Delhi and Jaipur. The diameter of that 
,at Delhi is 27 feet 6 inches and that at Jaipur 17 feet 10 inches. (See plates 
XVIII and XXI.) 

30. The Ram Yantra is the third of the stone instruments mentioned in the 
preface to the MuJ^ctw/rncid Shoihl (page 13). The Pap.dfi'S say it was named 
after Ram Singh, a predecessor of Jai Singh’s. According to Hunter the instrument 
was also known as TJstuwani, which was the name given by al-Biruni ® to an astrolabe 
on a cylindrical (orthographic) projection he devised. The Ram Yantra is a 
■cylindrical instrument open at the top and having at its centre a pillar. The fiooi 

1 Tlio method is very crude, and tho observations must have boon very rough apyroxiniationn only, 
s The Jai Prakas waa known to the Arabs as Dl-Masjarah. For disoripbbns see L.A. S^dilbl’s Mimoke, and 
Blagrave’s Art of DyaHing, quoted below (p. 86 )e 
* The ChroTwlogy of Nations, p, 367f. 
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and the inside of the circular wall are graduated in scales of tangents for altitude 
and azimuth observations. The height of the wall from the graduated floor is 
equal to the ^stance from the circumference of the central pillar to the inside of the 
wall. To facilitate observation the floor is broken up into sectors (see figure 47 and 
plate XVII), and, consequently, as in the case of the Jai Prakas, complementary 
buildings had to be constructed (see figure 41). The walls also are broken up, and 
one section of the wall corresponds to one sector. At Delhi there are 30 
sectors, each of 6 degrees, in each buflding, but at Jaipur there are 12 sectors only, and 
their angle is 12 degrees in one instrument and 18 degrees in the other,' the 
spaces between them being respectively 18 and 12 degrees. 

On each side of the wall sections are notches in which sighting bars can 
be placed horizontally. The construction is illustrated in plates XIII, XVII 
and :KX1 and in figures 47, 48 and 49. Figure 41 gives a good view’ of the 
buildmgs as a whole. Examples of the Ram Yantra exist at Delhi and Jaipur 
only and the Jaipur instrument is quite a modern one.‘ 

The dimensions of the two instruments are : 


DeJtii , 


Jaipur . 


Inside did,- 
motor. 

Height. 

Diamoter of 
pillar. 

64' 

00 

6' sr 

23' I-' 

ir 4' 

r 


----- Xfciii/nougii notj actually men- 

loned by Jai Singh in the preface, is given, however, in Jagannath’s list (see 
p. 3). It is a simple and useful instrument, and examples of it still exist 
at Jaipur, Ujjain and Benares. The instrument consists of a pillar surrounded 
by two circular waUs (see plates XXI and XXVI, DD). The central pillar is 

generally about 4 feet high, and the inner wall the same height, while the outer 
wall IS twice that height. 

Cross wires are stretched from the cardinal points on the outer wall, and both 
walls are graduated. The inner wall is a convenient height for a man to walk on 
and to look over the outer wall. By the aid of a movable string and an assist¬ 
ant, azimuth (honzontal angles) observations can be' made with fair accuracy. 
The instrument may be described as a fixed large circular protractor. 

The dimensions of the several Digamia YavAfas are: 



Diambthbs. 

Heights. 

1 


Outer vrall. 

Inner ivaU. 

Outer wall. 

luner wall. 

Jaipur. 

27' 0' 

17' 6^ 

6' 6^ 

3' 2r 

Ujjain. 

36' 10' 

24' 4^ 

8' 10^ 

4' 6' 

Benares 

31' 6' 

21' 0^ 

8' 4r 

4' V 

was buUtm ]891. There are also two amau mm Yantraa, which were couatruoted 

as models. 








39 


astronomical observatories of JAI SINGH. 

JagannSth’s description of the Digartisa Yantra is as follows : ^ Make a 

circle on the ground with any radius. This circle is called the horizon. We 
shall have to make three horizons here. On the first circle build a solid pillar. 
On the second circle build a ring-like wall as high as the piUar on the first 
circle. On the third circle make a ring-hke wall twice as high as either of 
the former. On all these horizons mark the east to west and north to south 
lines and degrees and noinutes. Stretch tightly two threads across the exterior 
wall, to represent the east and west and north and south lines, intersecting at right 
angles over the centre of the horizons. At the centre of the pillar fix securely 
one end of a string, and to the other end of the string fasten a stone and place 
it over the edge of the third horizon. This thread is called the ‘thread of the 
circle of vision.’ ” 

,32. The Narivalaya Yantra (‘Circular dial’) is mentioned by Jagannath and 
it occurs at Jaipur, Ujjain and Benares. It may be described as a cylindrical 
dial—the axis of the cylinder pointing north and south, and the northern and 
southern faces being parallel to the plane of the equator. At the centre of 
each face, and at right angles to it, is an iron style surrounded by circles grad¬ 
uated into hours and minutes and ghatis and falas respectively. The shadow 
of the style marks the time of the day, and the instrument also shows, very effec¬ 
tively, the passage of the sun across the equator (the equinoxes). See figures 
63 and 66. Jagannath remarks, about this instrument, that it is not of much 
value, because it only gives readings for northerly observations. This applies 
to some extent to the Benares instrument (see figure 66), but' not to those at 

TJiiain and Jaipur. 

33. The Dakahinovritti Yantra (‘ Meridian circle’ ) is like the mural quadrants 
found in most mediaeval observatories. It consists, essentially, of a wall in the 
meridian and on the wall are two graduated quadrants and centre pins (see 
figures 66 and 62 and plates XXIV and XXVI). which were used for observing 
the altitudes of heavenly bodies when passing the meridian. The instrument corres¬ 
ponds to the modern transit circle. Originally there was one at each observa¬ 
tory, but that at Delhi has been destroyed. 

33(a). The Shasthamsa Yantra (‘ Sextant ’) occurs at Delhi and Jaipur only 
and is really another form of meridian circle. It is a large graduated arc lying 
in the meridian and is built in a ‘ dark room * at the bottom of the masonry 
work that supports the huge quadrants of the Samrat Yantra. A small orifice 
some 30 or 40 feet above admits the light of the sun at noon and the image of 
the sun on the graduated arc marks with fair accuracy the stm s altitude. It 
is thus the aperture dial of the Muslims (see p. 82). At Jaipur there are two 
‘ dark rooms,’ one under each quadrant of the SamrSt and in each room are 
two arcs the radius of each being 28 feet 4 inches. The dark room at Delhi 
is at present inaccessible. 

34. Of other masonry instruments there are the Misra Yantra ( mixed instru¬ 
ment’ ) at Delhi and the Ra6i Valaya (zodiac dials) at Jaipur. There are some 
indications that these two instruments, or rather sets of instruments, were not 
devised by Jai Singh, and, therefore, they will be described in detail when the 
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observatories at Delhi and Jaipur are dealt with. The most notable feature of 
the Mi4ra Yantra is the set of arcs for meridians at Greenwich and Zurich on 
the west, and two corresponding places on the east. The E,a4i Valaya is a set 
of twelve dials connected with the rising signs, and which show the sun’s latitude 
and longitude. 

36. Of these instruments it is claimed that Jai Singh devised the Samrat 
Tantra, Jai Praka^ and Ram Yantra. The evolution of these instruments will 
be dealt with in a concluding chapter, but it may be remarked here that Jai 
Singh’s ingenuity was chiefly concerned with the transference of designs, previously 
executed in instruments of comparatively small size, to huge masonry instru¬ 
ments. No new invention, in the ordinary sense of the word, was attempted. 
The Samrat Yantra is, in principle, a very simple form of sun-dial, but it is an 
efl&cient instrument, and, as Jai Singh designed it, a dignified structure. There 
is, so far, no evidence to show that the tangent scales on the edge of the 
gnomon had been previously used as on the Samrat Yantra ; therefore, besides 
the general design, we may credit Jai Singh with this device.*' The Jai Prakas 
or ‘ invention of Jai,’ as it may be called, and which Jagannath calls the 
‘ crest jewel,’ is really a sort of combined armillary sphere. Possibly the astro¬ 
labe projections suggested the idea to Jai Singh. In a manuscript copy of a 
work by Abdul Ali Barjendi^ (died A.D. 1623) most of the details of such an 
instrument as the Jai PrakSS are given. Jai Singh’s duplicated instrument is, 
however, his own design, and, probably, the introduction of the culminating sign 
lines must be attributed entirely to his own invention. 

The Ram Yantra is only original with respect to its size and the duphca- 
tion of the instrument. The meridian lines of other places on the Mi^ra Yantra 
at Delhi was not a new idea. It had, at any rate, been worked out for vertical 
gnomons. The Ra4i Valaya seems to be entirely original, but it is of doubtful 
utility as an instrument for observation. 


^ Abdul Ali b. M. al-Husain, Nigam al-Din al-Barjendi wrote a oommentary on Naglr al-Din's locon- 

sionoftheAlwaffeat, a commentary on Nafiiral-Din’sti-eatiBe on the astrolabe, a comment on Ulugh Beg’s tables 
a treatise on aatoonomy, etc. I am indebted to Khan Bahadur Kr Mazaffar Abmed of Delhi for the iLn of thia 
manuscript, which was written out by one Qubad b. ‘ Abdul Jalil in A. H. 1066 (=A,D. 1666) at Hvdorabad Its 
date and its presence at Delhi suggests the possibility of its haying once belonged to Jai Singh’s libraiy. 



Chaptek VIL—the DELHI OBSERVATOEY OR JANTAR MANTAR. 


For the Delhi observatory, known as the Jantar Mantar, we have the following 
approximately correct elements :— 

Latitude 28°’ 37' 36" N.^ 

Longitude 77° 13' 6" B. of Greenwich. 

Height above the sea-level, 696 feet. 

Magnetic declination E. 1° 45', in 1916. Annual variation—1'. 

Local time 12 minutes 12 seconds after standard time. 

36. The observatory is 3 miles 3-J furlongs almost due south from the Pir 
Crhaib, the Trigonometrical Survey point on the Ridge, near to Hindu Rao’s 
House. It is also 1 mile 7^ furlongs 32° west of south from the Jama Masjid. 
In the projected new city the observatory borders (on the east) the road leading 
from the railway station to the Secretariat and Government House. It conse¬ 
quently will be a notable feature in the Imperial Capital and, apart from its 
historical value, it is desirable that it be made, by suitable surroundings and 
proper restoration, as dignified as possible. 

The general plan® (plate XIII) of the observatory shows the following 
structures;— 

(а) The Samrat Yantra (‘Supreme instrument’ ), a huge equinoctial dial. 

Figures 40, 43-46 and plate XV. 

(б) The Jai Prahai, consisting of two hemispherical structures, just to the 

south of the Samrat Yantra. Figures 41 and 42 and plate XVIII. 

(c) The Ram. Yantra, consisting of two circular buildings to the south of 

the Jai Prakal Figures 41, 47-49 and plate XVII. 

(d) The Mi^ra Yantra (‘ mixed instrument ’), north-west of the Samraf Yantra. 

Figures 60 and 61 and plate XIX. 

(e) Two pillars south-west of the MUra Yantra. 

if) A measuring platform, just south of the Mi4ra Yantra. 

' 37. The Samrat Yantra is the central building of the observatory. It is 
the largest and most imposing, although a considerable portion of it is below 
the surface of the earth. It is, indeed, built into a quadrangular excavation 
some 16 feet deep, 125 feet from east to west, and 120 feet from north to 
south. The structure is 68 feet high, of which 60'3 feet is above the earth’s 
surface ; 125 feet from east to west, and 113"5 feet from north tj south. The 
details are exhibited in the plans and photographs (plate XV and figures 40, 
etc.). The essential parts are the inclined edges of the huge gnomon and the 
quadrants attached to it.® The edges of the gnomon point to the celestial 

1 In 1734 Father Boudior, who .helped Jai Singh, obtained 28® 37' N. and 75® 0' East of Paris for the 
Delhi observatory. Rennel quotes Boudier as giving longitude 77® 40'. (The longitude of the Paris observatory 
is 2 30' 13-5^ E. of Greenwich.) Hunter gives Lat. 28 37' 36^ and Long. 77 2' 27^ E. For the latitude Jai Singh 
obtained 28 39' 0^. See page 120. 

2 The Delhi plans wore prepared for mo by the Public Works Department, under the superinteadence 
of Mr. Glen, Executive Engineer. 

3 For the theory of the instrument see p. 30. 
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north pole, that is, they make an angle (28°37') with the horizon, equal (approxi¬ 
mately) to the latitude of Delhi, and are parallel to the earth’s axis. The 
■quadrants (M K G E D, figure 36) are at right angles to the gnomon, and, therefore, 
the circles, of which they form part, are parallel to the plane of the equator. 
These quadrants have each a radius of 49‘6 feet, and are graduated on each 
edge in hours, degrees and minutes,’^ the scales on the northern edges being 
marked in English and those on the southern edges in Indian symbols. The 
■edges of the gnomon are marked with scales of tangents, as already explained 
(page 36, see figures 34 and 36). The shadow of the edge of the gnomon on the quad¬ 
rants gives the local time. In figure 40 the time is about ten minutes to four 
in the afternoon. The sun’s declination is found by observing which part of 
the gnomon’s edge casts its shadow on one of the edges of the corresponding 
•quadrant (see page 36). 

In the mass of masonry work that supports the east quadrant is a chamber 
which contains the .ShasMhdihSa Yantra. This is a large graduated arc 60 
degrees in length, built in the plane of the meridian ; and through a small 
orifice near the top of the quadrant the sun, as it passes the meridian, shines 
on the arc and indicates its meridian altitude, from which its declination can 
be directly deduced. The chamber .was closed up when the observatory was restored 
in 1910. 

On the top of the gnomon is a circular pillar, which was probably, used 
originally for rough azimuth observations, but which is now surmounted by a 
•small sundial of the European type. This was probably constructed in 1910 : 
the pillar, but not the dial, appears in the Daniells’ drawings (figures 43 and 
44 ).*“ 

The lower part of the structure is now, more or less permanently it seems, 
below the water level of the locality. The height of the water varies® but 
for a great part of the year it covers the lower part of the quadrants and the 
.steps and prevents access to the west quadrant altogether ; and it makes the 
structure useless for astronomical purposes. If the instrument is to be saved, 
means must be taken to prevent the water percolating to the foundations. 

According to Jai Singh, the Samrat Yantra was built of stone and lime.* 
Hunter and Thorn say that the - edges of the gnomon and quadrants were 
of white marble, and von OrUch speaks of marble staircases (see page 48). 
The quadrants are now faced with lime, but the time graduations are well 
marked with a soft black stone, neatly inlaid into the face of the quadrant. 
The graduations on the edges of the gnomon are scratched into the lime plaster 
surface and are becoming obliterated. 

^ Jai Singh gives 18 cubits as the radius and one minute as equal to a barleycorn and-a-half. See 
page 13. 

The time scales are on the upper surface of the quadrants, and the degree scales on the extreme edges. 
The European symbols were, probably, introduced at the restoration in 1910. 

2 In December last a Trigonometrical Survey party was using the top of the gnomon as a point of 
-observation and found the dial in the way. The pillar, os it wy originally designed, was exactly suitable for 
-their purpose. 

* In J anuary 1916 its maximum depth was about 4 feet, while at the end of August it was 3 feet deeper. 

■ See Preface to the Z%j Muhammad Shahid p. 13 above. 
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Ab examination of the Danielle’ drawings and recent photographs (see figures 
43-46) shows that only minor alterations have been made during the last hun¬ 
dred years. There is a slight difference in the entrance to the gnomon steps ; 
in the old drawings is shown a set of subsidiary steps to the right of the main 

steps on _ the gnomon ; and there was formerly no dial at the top of the 

gnomon. 

38. The Jai Prakas consists of two complementary concave hemispheres, 
situated immediately south of the Samrat Yantra. Their structure is best seen 
iu plates XVTII and figures 41 and 42. Theoretically, only a single hemisphere- 
is necessary, but, to facilitate observation, pathways are cut into the surface ; 
and the second Jai Prakas is so constructed that the two instruments together 
show the complete surface. Cross wires were, originally, stretched across the 
hemispheres north to south and east to west, and the shadow of the inter¬ 
section of these wires on the concave surface of the hemisphere indicated the- 

position of the sun. The surface of the hemisphere is marked with altitude and 
azimuth circles, the tropics and intermediate circles (declination parallels), etc., 
so that the position of the sun. can be directly read off. Also there are ‘ circles 
of the signs of the zodiac,’ by which the particular sign on the meridian is 
indicated by the position of the sun’s shadow.^ In the Delhi instruments the 
cross wires have been discarded, although the pins to which they should be 
fastened are still there ; and iron rods (2 inch galvanized piping) have been fixed' 
at the centre of each Jai Praka4. The pipes should be removed and the cross-wires- 
replaced. 

The descriptions given by Hunter and Thorn seem to indicate that there 
was, a century ago, only one Jai PrakaA Hunter’s words are ; “ Between these 
two buildings {i.e., the Ram Yantra), and the great equatorial dial is an instru¬ 
ment called Slumlah. It is a concave hemispherical surface, formed of mason 
work, to represent the interior hemisphere of the heavens. It is divided by 
six ribs of solid work and as many hollow places; the edges of which represent 
meridians at the distance of fifteen degrees from one another. The diameter 
of the hemisphere is twenty-seven feet five inches.” Thorn uses the same 
phraseology. The old drawings and photographs are ambiguous on this point?, 
but they show that the original structure has been altered considerably. Pro¬ 
bably there were two complementary instruments originally, but one of them 
had disappeared. 

39. The Bam Yantra consists of two large circular buildings, complementary 
to each other, situated south of the Jai PrakaA Their general structure is best 
seen in figures 39, 41, 47-49 and in the plates XIII and XVII. Each consists 
of a circular wall and a pillar at the centre. The height of the walls and 
pillar, from the graduated floor, is equal to the inside radius of the building- 
measured from the circumference of the pillar to the wall, viz., 24 feet inches, 
and the diameter of the pillar is 6 feet 3^ inches. The walls and floor are 
graduated for reading horizontal (azimuth) and vertical (altitude) angles. To- 


B 2 


^ For a more detailed aooount of the theory of the mstrument see p. 37. 
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facilitate observation the floor is cut up into thirty sectors, with the spaces 
between of the same angular dimensions as the sectors, viz., six degrees. The 
graduated sectors are supported on pillars three feet high, so that the observer 
can ‘ place his eye ’ at any point on the scale. The graduated walls are, 
similarly, broken up by openings, at the sides of each of which are notches 
for placing sighting bars. At Delhi there are no such bars in evidence but at 
Jaipur they are faced with brass and carefully graduated. At Jaipur the central 



Fra. 47. Ram Yaktra Iitteriob. 


pillar is replaced by an iron rod. At Delhi the pillar is graduated by vertical 
stiipes see figure 48), each six degrees in’width, and these are necessary, as a point 
on the top of the edge (not the centre) of the pillar is the centre for which the 
altitude graduations on the corresponding sector and portion of the wall are 
made. The old descriptions and drawings show that no important structural 
alterations have been made during the last century. The Daniells’ picture 
(figure 44), however, apparently shows a different entrance to the north Earn Yantra. 
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40. To the north-west of the Samrat Yantra, and some 140 feet away, is 
the Misra Yantra, or ‘ mixed instrument,’ so named because it combines in one 
building four separate instruments. Of these the Niyat GJiaJcra occupies the 
middle of the building, and consists of a gnomon with two graduated semi¬ 
circles on either side (figure 50). These semicircles lie in planes inclined to the 
plane of the Delhi meridian at angles of 77° 16' W., 68° 34' W., 68° 1' E. and 
75° 64' E.^ 

The semicircles may be said to correspond to meridians at places whose 
longitudes difier from Delhi by these angles, and tradition names Greenwich 
observatory® and the observatory® at Zurich, “ Notkey a village in Japan where there 
is an observatory, latitude 43° 33' N. and Longitude 145' 17" E. of Greenwich,” 
and “ Serichew a town in the Pic Island in the Pacific Ocean east of Russia 
latitude 48° 6' and longitude 153° 12' E.” 

Let .45 (figure 36) be the edge of the Delhi gnomon, and ABD in the plane 
of the Delhi meridian. Lot ABE make an angle S with ABB, then ABE represents 
a meridian at a place whose longitude diflierence from Delhi is S. Let CX^ 
denote the direction of the sun when it is in the Delhi meridian, then the arc 
BP will measure its declination ; and if GX% be the direction of the sun 
when in the plane ABE, then EQ will measure its declination. On the Niyat 
Yantra the semicircle ABB is not marked, but ABE corresponds to one of 
the masonry semicircles, each of which is graduated north and south from E 
for the purpose of observing declinations. 

On either side of the Niyat Yantra, and joined to it, is half of an equi¬ 
noctial dial, constructed on the same principle as the lai’ge SainrSt Yantra. On 
the west side of the building is a second quadrant, the face of which is hori¬ 
zontal instead of being parallel to the axis. It is called the Agra Yanira or 
‘ amplitude iiistrumeut,’ and its use does not seem to have been understood by 
the restorers. Hunter makes no mention of this. 

On the east wall of the building is a graduated semicircle called Dakshino 
Viitti Yantra, used for obtaining meridian altitudes. The north wall of the 
Misra Yantra is inclined to the vortical at an angle of 6 degrees (figure 51), 
and is marked with a large graduated circle. 'Phis is called the 
ygrTra. Rasli Valaya, or ‘ Circle of the sign of Cancer.’ As the latitude of Delhi 
observatory is 28° 37' 36", and the obliquity of the ecliptic is 23° 27' 6" nearly, 
the zenith distance of the sun, when in Cancer, is 5° 10^', approximately, and 
the sun then shines over the north wall for a short period, and the shadow 
of the centre pin falls on the graduated circle. This may be the northern dial 
referred to by Jagannath (see page 39). 


1 These are the angles given by the PaijditH, but according to the moasiiromcntH of the (^ngineors, who 
prepared, the plans the angles are 77® 18', 69* CO', 69° 42' and 77° 22'. They t\ro difficult to measure 
4U5curately. 

a This implies that the longitude of Delhi was taken os 77° 16' E, of Qroonwioh. It is really 77° 13' C'', 
Zurich observatory is 8° 34' E. of Groenwioh* 

3 It may be noted that Greenwich observatory was founded in 1676, some 60 years before that at Delhi 
’was built, but that Zurich observatory did not come into existence until 17C9, some sixteen years after Jai 
Singh’s death. 
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41. In the front of the Mika Yantra is a platform 47 feet by 43 feet, on 
which are traces of a quadrant of 20 feet radius. This platform was probably 
used for measurements when the instruments were being constructed 

or repaired. 

To the south-west of the Mika Yantra are two pillars 17 feet apart, and the 
line joining their centres points 36° E. of north. These are mentioned in none 
of the accounts of the observatory. If they were part of the original observa¬ 
tory, they probably supported one of Jai Singh’s instruments, such as are now 
found at Jaipur (see figures 28 and 29). 

Hunter states that, to the west of the Mika Yantra and close to it was a 
wall in the meridian with double quadrants. Jagannath, Jai Singh’s assistant, 
recorded ^ that, in the year 1651 ® of the Salivahana era, “ with this instrument, 
the latitude of Indraprastha ® was found to be 28° 39' north, and the maximum 
declination 23° 28'.” 

To the west of the Samrat Yantra is a small building (a chowkidar’s house) 
on which is fixed the Jaipur flag. There is a tree south-east of the eastern Jai 
Prakas that partially overshadows that instrument. The tree should, of course, 
be removed. The whole observatory is enclosed by a mud wall about six feet 
high, with an entrance on the west side. 

42. History. The observatory at Delhi was the first one built by Jai Singh, 
and it is here that the principal observations were made, which were to form 
the basis of his new tables, the Z^ Muhammad SMM. There is some uncertainty 
about the date of construction. Pan^t Gokal Chand gives A.D. 1710, and Syed 
Ahmad Khan gives 1724. The latter states that the observatory was built 
“ in accordance with the orders of the Emperor Muhammad Shah, in the 
seventh year of his reign,* corresponding to the year 1137 of the Bijira” 
(=:A.D. 1724-5).® 

Jai Singh teUs us ® that he himself represented the question of preparing 
new tables, to the Emperor, who encouraged him to proceed. “ To accomplish 
the exalted command he had received, he (Jai Singh) bound the girdle of 
resolution about the loins of his soul, and built here (at Delhi) several of the 
instruments of an observatory.” This seems to indicate that the construction was 
started after Muhammad Shah ascended the throne. Also, Jai Singh himself 
tells us that seven years were spent in preparing the tables. In 1719 Jai Singh 
was appointed the Emperor’s lieutenant at Agra. Jagannath records observations 
made at Delhi in A.D. 1729. The facts seem to point to 1724 as about the 
date of the founding of the Delhi Observatory. 

Jai Singh tells us that, at first, he constructed at Delhi brass instruments 
of the astrolabe type in accordance with the Mushm books.’ These he found 


1 See page 3 and Garrett page 36. 
a A. D. 1729. 
a Delhi. 

* Muhammad Shah asoeuded the throne in 1719 (October 9th). 

® Thom Bay'S; “ The third year of the reign of Mohammad Shah or 1724. 

• See page 11. 

^ See page 12. 
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to be unsatisfactory, and, therefore, he constructed “ instruments of his own 
invention, such as Jai Prakas and Ram Yantra and Samrat Yantra ... of stone 
and lime of perfect stability, etc.” In Jai Singh’s time, therefore, the observa¬ 
tory probably consisted of the Samrat Yantra, the Jai Prakas, the Ram lantra, 
a mural quadrant, and some metal instruments. Of the present buildings, pos¬ 
sibly, the Mi4ra Yantra was added by Madhu Singh, “ who inherited no small 
portion of his father’s love of science.”^ 

43. Early descriptions. There are fairly numerous references to the Delhi 
observatory in the accounts of travellers of the eighteenth and early part of the 
nineteenth century, and some of these are worth recording. Father Claude Boudier 
and another priest passed through Delhi in 1734 on their journey to Jaipur 
(see page 6), and took observations of latitude and longitude at the observa¬ 
tory at Delhi. Unfortunately they have left on record no description of the 
observatory or the instruments. 

Ill 1796 Franklin, in his description of the city of Delhi,^ wrote of the ob¬ 
servatory : “ It was built in the third year of the reign of Muhammad Shah, 
by the Rajah Jeysing, who was assisted by many persons, celebrated for their 
science of astronomy, from Persia, India and Europe ; but died before the work 
was completed, and it has since been plundered and almost destroyed by the 
Jeits, under Julmaher Singh” 

In 1799 W. Hunter published® a fairly complete account of the Delhi 
observatory. The list of buildings and the descriptions he gives show that, to the 
west of the Misra Yantra and close to it was a wall in the plane of the meri¬ 
dian, on which was described “ a double quadrant having for centres the two 
upper corners of the walls .... One degree on these quadrants measured 
2-833-inches.”* Also, in describing the Miiira Yantra, he makes no mention of 
the third quadrant (Agra Yantra) on the west side. Referring to the Samrat 
Yantra he states “ It is built of stone, but the edges of the gnomon and arches, 
where the graduation was, were of white marble, a few small portions of which 
only remain.” 

In 1803 Major William Thorn visited DeHii, and, later, gave a description ® of the 
observatory. His description, however, is simply a summary of Hunter’s and he 
gives no additional information whatever, although he is sometimes quoted as 
an authority. 

Soon afterwards, the Daniells gave two illustrations ® of the chief features of 
the observatory. These are here reproduced (figures 43 and 44) and they show 
that during the last hundred years very little alteration has really taken place ; 
but they show some small differences, which have already been mentioned. 

1 Tod ii, 372. 

^ An Account o] tJie present State of Delhi, By Liout, Franklin. Asiatic ItesearcheSf vol. iv, 1895, p. 431, 
Muhammad Shah’s reign ooinmoncecl in 1719, and Jai Singh died in 1743. 

* Asiatic Researches, v, 1799, 177/. 

* Ho does not mean that ho measured corrooily to a thousandth of an inch, but that it was approximat-ely 2 it 
inches. The radius was oonsoquontly about 13J foot. 

^ Memoir of the War of India conducted hy General Lord Lake in 1818, p, 171, 

* Oriental Scenery, 18L6, party, plates and XX The original drawings for those plates must hav© 
been tnuuo about A. D, 1794. 
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In 1843 von Orlich visited Delhi and made the following notes about the 
observatory: “ It lies in the midst of many ruins; but it was never completed 
and has been, unhappily, so wantonly dilapidated by the Juts that the shat¬ 
tered ruins alone are to be seen. However, enough remains to show the plan 
of this fine building ; the colossal sun-dials and quadrants, which rest upon 
large arches, are formed of red sandstone and bricks, and the ascent to them is 

by handsome winding marble stair cases. ^ 

Next comes Syed Ahmad Khan’s description,'' which was translated by Garvin 
de Tassy.® This account is not very reliable, but the original work contains 
some rough, but valuable, drawings of the instruments. We read: “Now this 
observatory has fallen into ruin ; aU the instruments are broken, and all traces 
of the lines of division have disappeared, etc.” 

Dater writers on Delhi give brief notices of the observatory with, in two 

casesinteresting photographs. 

44. Fftst Restorations. Syed Ahmad Khan tells us that, in 1862, the Raja of 
Jaipur partially restored the Samrat Yantra, at the request of the ArchsBological 
Society of Delhi; and, in the Proceedings of the Delhi ArchcBological Society of the 
6th January 1853, we read : “ It having been stated that the large gnomon 
of the Junter Munter had been repaired at a cost of Co.’s Rs. 442-1-10, 
leaving a balance of Co.’s Rs. 167-14-2 of the sum presented to the Society by 
the Rajah of Jeypore, for the repairs of that Observatory, and this being much 
too small a sum to enable the Society to complete the repairs, or even to build 
around a compound wall, which is absolutely necessary, for the security of the 
remains from further dilapidation, it was unanimously resolved that the Agent 
to the Lieutenant-Governor, Delhi, be requested to make known to the Rajah of 
Jeypore, through the proper authorities, the inabihty of the Society to complete 
the contemplated work, without further funds.” For many years nothing further 
was done. In 1910, His Highness, the present Maharaja of Jaipur, sanctioned 
the restoration of the observatory at Delhi, and the work was completed in 
1912. Paridit Gokal Chand was placed in charge of the astronomical part of the 
restoration, which was carefully carried out. The work comprised the restoration 
of the buildings, the regraduation of most of the scales, and, in the case of the Jai 
Prakas, practically the reconstruction of the whole instrument. Most of the 
facings and the graduations were done in lime plaster, but the main graduations 
on the quadrants of the Samrat Yantra are in a soft black stone, very neatly 
inlaid in the surface of the quadrants. The graduations in lime are already 
becoming obliterated. On the top of the gnomon of the Samrat Yantra a sun¬ 
dial of European type was erected. 

On each instrument a tablet giving the name of the instrument, the date of 


1 Travels in India^ London, 1S45, p. 49. (The oocouni is not reliable, and, I am inclined to think, 
von Orlich never visited the observatory; but what ho says is tho sort of thing that occurs in many 
guide books.) 

* AtMr al-8anad%d 1852. Reprinted 1876. 

'•* Journal AsiaUque, V. xv, 1860, 636/. 

^ Carr Stephen .—The Archoeological and Monumental Remains of Delhi, 1876 ; and H. C. Fanshawe, Delhi, 
Fast and Present, 1902. 
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restoration, etc., was placed. Some of these were done in marble and some 
in plaster. Several of the latter are already destroyed. 

46. Future Restorations. The Delhi Observatory buildings are worthy of 
permanent preservation, not only on account of their scientific and historic 
value, but as monuments to one of the most brilUant and remarkable princes 
of India, and as forming a dignified feature of the new Imperial City. 

The grounds surrounding the buildings should be enclosed by a low wall, 
and the grounds themselves should be ornamented only by a grass lawn. There 
should be neither trees nor shrubs, but there would be no objection to flower 
beds at a sufficient distance from the buildings. The buildings should be put 
into good order without interfering in any way with their present structure. 
The present pink colouring sliould be removed and a natural lime plaster tint 
substituted. The graduations should in all cases be made in some more jierma- 
nent substance than lime plaster. At Jaipur marble and sandstone are both 
used, and at Benares the latter only. Marble, or some other suitable stone, 
should be employed. 

The Samrat Yantra (figure 40, etc.) is the most important of the instruments, 
and every effort should be made to preserve it permanently. Its foundations 
are in a rectangular excavation, wliich is now partially filled with water. Ap¬ 
parently the bottom of this excavation is lower than the siUTOunding water 
level, and, consequently, the water percolates and covers the lower portions of 
the instriunent. Not only is it damaging the structure, but it makes it useless 
for purposes of present observation. To get rid of the water is a problem for 
the engineers, and possibly they wiU decide to ‘ concrete ’ the whole of the lower 
part of the excavation, and install a small electric pump. Unless some such 
moans to exclude the water are taken, the chief instrument of the observatory 
will be utterly ruined. When the water has been excluded, the chamber con¬ 
taining the Shashthaxh^a Yantra, described above (page 42), should bo opened out, 
and the instrument put in working order. 

The main graduations on the quadrants of the Samrat Yantra are suitable,^ 
and need not bo restored at present, but the graduations on the edges of the 
gnomon need restoration badly. This necessitates the edges being refaced with 
marble or some suitable stone. The small dial on top of the pillar, that is at 
the top of the gnomon, should be removed. It is of no use where it now is 
and it prevents the pillar, on which it is placed, being used for its legitimate 
purpose. The sun-dial might be placed somewhere, out of the way, in the 
grounds. The space round the pillar is hardly suflGlcient for working purposes, 
and it would perhaps be as well to reduce the diameter of the pillar, or to 
place around it a railing for protection. (An examination of the Jaipur gnomon 
shows that some such arrangement would not be in opposition to Jai Singh’s 
idea.) The top of the pillar should be graduated, as most probably it was 
originally, for rough azimuth observations, and should be made perfectly level. 


It was a mislako, 1 think, to introduce Europonn moasuics and symbols, and I should like to sec the edges, 
faced with marble as originally they wore, and the old graduations replaced. 
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Tte position is one for observation and could even now be used, in tbe spirit 
of tbe original design, for many purposes. 

Tbe graduated parts of tbe Jai Praka^ require refaoing either with marble 
or other suitable stone. Tbe original was in lime planter, but it did not last 
very long; and in 1910 tbe facing was again done in lime plaster, but tbe graduations 
are abeady becoming obbterated (see figures 32 and 33). Tbe central iron rod 
(galvanised piping) should be removed and tbe cross wires replaced. 

Tbe graduation (in lime plaster) on tbe walls of tbe EamYantra are not 
so exposed, and consequently not so liable to deteriorate as those in tbe Jai 
Prakas. Tbe walls of tbe Ram Yantra at Jaipur are in marble, but there tbe 
instrument is much smaller than that at Delhi. 

Tbe Mi^ra Yantra graduations are all in lime plaster, and should all be 
done in stone or marble. This means refacing tbe edges of tbe gnomon, and tbe 
semicircular meridians, and inlaying on tbe quadrants, etc. 

Tbe mural quadrant described by Hunter (see page 47), and no longer in 
existence, might be rebuilt. It was originally to tbe west of tbe Mi^ra Yantra, 
but tbe space is somewhat limited there. There are examples at Jaipur (figure 
66), Ujjain (figure 62), and Benares to serve as models. 

Tbe probable use of tbe two pillars marked on the general plan has been 
already explained (page 46). A brass instrument such as tbe Unnatamfia 
Yantra, or large Yantra RSj at Jaipur might be replaced. 

Tbe tablets on tbe instruments should be restored and revised, and they 
should, of course, be placed where they can easily be read ^; and should give 
tbe Tin.TYiPi of tbe instrument, its uses, dates of construction or restoration, tbe 
Tig-mftH of tbe original designer (in most cases Jai Singh) and tbe restorers. Tbe 
Engbsb versions should be revised by a European astronomer.® 


1 Two of the present tablets are too distant to be read with ease. 

* The following is an example of those now on the instruments :— 

“ Kark Rashi BaJay Yantra, Restored A.D. 1910. Tested by Jotish Gokal Chand Bhawa, for finding the longi¬ 
tude of the sun wh n the Cancer or the point 90 in the Faliptic comes over the plane of Meridian.” 
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The position is one for ohservation and could even now be used, in the spirit 
of the original design, for many purposes. 

The graduated parts of the Jai Praka6 require refacing either with marble 
or other suitable stone. The original was in lime plasiter, but it did not last 
very long; and in 1910 the facing was again done in lime plaster, but the graduations 
are already becoming obliterated (see figures 32 and 33). The central iron rod 
(galvanised piping) should be removed and the cross wires replaced. 

The graduation (in lime plaster) on the walls of the EamYantra are not 
so exposed, and consequently not so liable to deteriorate as those in the Jai 
Prakas. The walls of the Ram Yantra at Jaipur are in marble, but there the 
instrument is much smaller than that at Delhi. 

The MiSra Yantra graduations are aU in lime plaster, and should all be 
done in stone or marble. This means refacing the edges of the gnomon, and the 
semicircular meridians, and inlaying on the quadrants, etc. 

The mural quadrant described by Hunter (see page 47), and no longer in 
existence, might be rebuilt. It was originally to the west of the MiSra Yantra, 
but the space is somewhat limi ted there. There are examples at Jaipur (figure 
66), Ujjain (figure 62), and Benares to serve as models. 

The probable use of the two pillars marked on the general plan has been 
already explained (page 46). A brass instrument such as the Unnatam^a 
Yantra, or large Yantra Raj at Jaipur might be replaced. 

The tablets on the instruments should be restored and revised, and they 
should, of course, be placed where they can easily be read ^; and should give 

the name of the instrument, its uses, dates of construction or restoration, the 

« 

names of the original designer (in most cases Jai Singh) and the restorers. The 
English versions should be revised by a European astronomer.® 


1 Two of the present tablets are loo distant to be read with ease. 

® The following is an example of those now on the instniments :— 

Kark Rashi Balay Yantra, Restored A. I). 1910, Tested by Jotish Gokal Chand Bhawa, for finding the longi¬ 
tude of the snn wh n the Cancer or the point 90 in the Faliptic comes over the plane of Meridian.” 
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The elements for Jaipur Observatory are approximately as follows:— 


Latitude ^ . 
Longitude . 

Height above sea-level 
Magnetic declination 
Local time . 


26° 56' 27-4". 

75° 49' 18-7''. 

1,682 feet. 

E. 1° 46' in 1916. 

is 26 minutes 43 seconds after standard time. 


46. The observatory is within the palace precincts about 200 yards east of 
the minaret.^ It is in an excellent state of preservation and is one of the 
‘ sights ’ of the city. The general plan (plate XXI) shows the arrangement and 
some details of the instruments, which are also illustrated in plates XX and XXII. 

Not only are there the usual masonry instruments, but also a number of 
brass instruments of very considerable interest: and in the Museum, outside 
the city walls, are other brass astronomical instruments, that no doubt formed 
part of Jai Singh’s astronomical equipment. Tliese latter have already been 
described in some detail (p. 10 seq.): some of them are of very great interest and 
value. The following list enumerates aU the instruments in the observatory, and 
the more important of those in the museum:— 


Masonry Instruments. 


Samiat Yantra 

Sbashtbafiaa Yantra 

. 


Plato XXL 

Easi Valaya 

. 


Figures 54 and 65. 

Jai Prakafi . 

. 


Figure 30. 

Kapala 

. 


„ 31. 

Ram Yantra 

..... 


„ 09. 

Digamfia Yanisra 

. «... 


Plato XXI. 

Smaller Samrat Yantra 

«... 1 


Figure 62. 

Nari Valaya Yantra 

. . . . . 


„ 53. 

Dakshinoviitti Yantra . 

Metal Instruments. 


„ 66. 

Cliakra Yantra 

. 


Figure 57. 

Kranti Yantra 

Unnatanafia Yantra 

. 


» 58. 

Yantra Raja or ABtrolabe 

In the Museum. 


Figures 28 and 29. 

Astrolabe A 

. 


Figures 6 and 7. 

„ B . . 

. 


„ 6, 8, and 13. 

,j D . . 

• • • • . 


„ 10,11 and 14. 

Zarqali astrolabe . 

. .... 


„ 19 .and 20. 

Miscellaneous 

. 


„ 26,27. 


^ Tho position of tho palaco minarot (Isri Lat), about 200 yards to the west of tho observatory enolo- 
suro, is Lat. 26® 66' 27*4;^ N., Long. 75® 49' IS’S" East of Greenwich. Tioffentholor gave for Jaipur 26® 53' 
N. and 73® 43' Etist of Paris. Father Boudier gave for the observatory Lat. 26® 66' N. and Long. 73® 
SO' E. of Paris. Soo page 6. 
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47. Samrat Yantia. —The large Samrat Yantra is situated at the south-east 
corner of the observatory enclosure. It is the largest of all of Jai Singh’s 
instruments, being nearly 90 feet high and 147 feet long, the radius of each 
quadrant being 49 feet 10 inches. It is graduated to read to seconds, but this is 
impossible in practice, owing to the ill-defined shadow {i.e., due to the size of 
penumbra). The tangent scales on the edge of the gnomon (see p. 36) cannot 
now be used, owing to the instrument overlooking the palace zenana enclosure. 
The readings of the quadrants appear to be slightly inconsistent, the eastern 
quadrant giving readings that are about two minutes out, as compared with 
the time registered on the western quadrant. 

The general structure is the same as that of the Delhi instrument, but it 
is of somewhat more elaborate construction and on a larger scale. Like the 
Delhi instrument, the foundations are below the ground level, but the floor is 
fukha, and proper arrangements are made for drainage. 

Shashtamsa Yantia. —The Shashthamsa Yantra, or sextant instrument, is 
a huge convex arc of 60 degrees, and of 28 feet 4 inches radius, lying in the 
meridian. There are two pairs of such arcs built into the masonry that sup¬ 
ports the east and west ends of the Samrat quadrants. Small holes in the 
roof of each structure allows the sunlight to fall on the arc at noon. The 
instrument is capable of giving very accurate results, but the readings are said 
to be in error to about 4 minutes. 

Rasi Valaya Yantia. —The Valaya, or ‘ ecliptic instrument,’ consists of 

a collection of dials, situated on a platform to the west of the Samrat Yantra 
(Plate XXI and figures 54 and 66). There are twelve such dials, one for each 
sign of the zodiac (that for Capricornus is seen in figiue 66), and each instrument 
is exactly of the same type as the Samrat Yantra, but the quadrants lie, not 
in the plane of the equator, but in the plane of the ecliptic when the parti¬ 
cular sign is on the horizon, and the edge of the gnomon then points to the 
pole of the ecliptic ; consequently, at the proper moment the instrument indi¬ 
cates the sun’s latitude and (with appropriate graduations) longitude. The radius 
of the quadrant is 6 feet 6 inches in the case of four instruments, and 4 feet 
1^ inches in the case of the other eight. The contemporary hsts do not mention 
the Ra4i Valaya. 

Jai Fiakas. —The Jai Praka6 is constructed in the same manner as the 
Delhi instrument (Plate XXI and figure 30). The principle of the instrument 
has already been explained (p. 37). • It was completely restored in 1901, in 
white marble, and the various circles were then marked in.difEerent colours.^ It 
is 17 feet 10 inches in diameter. The instrument shows time and declination, 
and the signs on the meridian. 

Eapala. —The Kapala is another hemispherical instrument, and is peculiar 
to Jaipur (figure 31). There are two examples—one being a hemisphere with its 
upper edge representing, as in the Jai Prakal, the plane of the horizon, while 
in the other it represents the solstitial coluie. The latter indicates * rising signs ’ 
instead of meridian signs. Bach Kapala has a diameter of llj feet and is a 


^ The colours have since disappeared. 
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■complete hemisphere, that is, no pathways are out, as in the Jai Praka4. The 
graduated rims are in marble, but the remainder of the surfaces are in lime 
plaster. 

RamYantra. —There are four instruments in white marble (plate XXI and 
figure 69), but aU of them are quite modern (? 1891), and were made according 
to Jagannath’s instructions. In principle they are exactly the same as the 
instruments at Delhi, but are much smaller, the larger pair being 23 feet 11 
inches in diameter. The sectors are twelve in number, occupying 12° each in 
one instrument, and 18° in the other. For an explanation of the construction 
see p. 37. 

D^amsa Yantia. —The Digam^a Yantra or azimuth instrument has already 
been described (p. 38). There is no such instrument at Delhi, but there .ire 
examples at TJjjain and Benares (Plate XXI). 

Nari Valaya Yantra. —There are similar instruments, but much smallerj 
at Ujiain and Benares. The instrument at Jaipur is a masonry cylinder some 
10 feet in diameter. ‘ The axis of the cylinder is horizontal and in the plane 
of the meridian, and the parallel faces, which form the dials, are in the plane 
of the equator. The dials are graduated into gluUis and 'palas, and also hours 
and minutes. According to Garrett, the southern face was added by Jai Singh’s 
grandson, Maharaja Purtap Singh. 

Dakshinovritti Yantra. —The oonstruetion of the Dakshino Vritti Yantra, 
or mural quadrant, is clearly seen in plates XXI and figure 66. It is of the 
same principle as the similar instruments at Ujjain and Benares (that at Delhi 
has disappeared). On the east face are two quadrants of 20 feet radius, and 
on the west face is a semicircle of 19 feet 10 inches radius. It was used for 
taking meridian altitudes. 

The metal instruments have already been described in detail (page 16 seq.). 

48. History.— Jaipur city was built about A.D. 1728, and the observatory 
was constructed about A.D. 1734. The earliest detailed description is that by 
Ticfienthaler, a Jesuit Missionary, who travelled in India from 1743, the date 
of Jai Singh’s death, to 1786 ; but the earliest reference to the observatory is 
possibly that by Father Boudier, who, with another priest, visited Jaipur in 1834, 
and made observations. He makes no references to the instruments,® and they 
were possibly only in the course of construction at the time of his visit. He, 
however, made observations for the determination of the latitude and longitude 
of the observatory itself.* 

TiefEanthaler’s description * of the observatory is as follows :— 

“ But a place that deserves detailed description is that where astronomical 
observations are made: it is such a work as is never seen in this part of the 
world, and, by the novelty and grandeur of the instruments, strikes one with 

1 In the general plan (flate XXI) the supporting masonry work is not shown, but see figure 53. 

® Neither does ho make any referenoo to the instruments at Delhi, although he mode observations there 
Jong after the observatory was built. 

® Leltres ^difiantea, etc., pp. 269-290. See page 6. 

4 Dee Pater Joseph Tieff&nihaler'a historiach—geographiache Beachreihung von HitiduaUin, 1786, vo!. I, 
j). 244/. French edition, p. 316/. 
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astonishmeiit. This large aad spacious observatory is close to the King’s palace. 
It is situated on a plain surrounded by walls and was constructed especially 
for the contemplation of the stars. 

“ On entering, one first sees the twelve figures of the Zodiac, all arranged 
in a large circle, and made of purest Ume. Next are seen diverse sections of 
the astronomical sphere, fixed according to the height of the pole at the place— 
with diameters of 12 or more Paris feet,^ and besides these, some large and small 
equinoctial dials, and some astrolabes made in hme, also a meridian line and 
a horizontal dial engraved on a very large stone. 

“ But what attracts most attention is a gnomon {axis mundi), remarkable 
for its height of 70 Paris feet,- and for its thickness—constructed in brick and 
lime, situated in the plane of the meridian, with an angle equal to the height 
of the pole. On the summit of this gnomon is a belvedere, which overlooks all 
the town and is so high that it makes one giddy. The shadow of this gigantic 
gnomon falls on a prodigiously large astronomical semi-circle, of which the horns 
are turned towards the sky. It is artistically constructed in whitest lime or 

gypsum, and is graduated in degrees and minutes. In the morning the shadow 
falls on the western quadrant, and in the evening on that towards the east, 
and, as the gnomon lies between both the quadrants, the sun’s altitude can be 
found at any moment. A double dial, constructed also in lime, is seen near 
these quadrants. It is enclosed in a kind of chamber, on either side of which 
it is raised. When the sun passes the meridian a ray of this star enters through 
each of two holes pierced in a sheet of copper, and when these rays fall exactly 
on the middle of the two quadrants, low in summer and higher in winter, the 
sun is in the meridian sign, and its meridian height is indicated. 

“ The instruments which follow have similar graduations: there are three 

very large astrolabes oast in copper, suspended by iron r ing s; a circle also 
of cast copper, fitted with a rule (or alhidade), and elevated at the height of 
the pole, suitable for determining the declination of the sui^—for, when you turn 
this instrument towards the sjiin, it will indicate the declination on the ground. 

“ I pass over in silence other less important instruments, but a matter 

which detracts frotn the v^ue of the observatory is that, in a low situation 
surrounded by walls, the observer cannot see the rising and setting of the stars ; 
also the dial, gnomon and other parts being in lime plaster prevent one from 
making very exact observations.” 

49. Restorations. —The Jaipur observatory, being situated in the palace 
precincts, has been carefully preserved, and has been added to from time to 
time. Possibly the R5,6i Valaya was added after Jai Singh’s reign, and possibly 
some of the brass instruments were brought from the Delhi observatory, but we 
have no direct information on these points. Some additions appear to have 
been made in 1891, and in 1901 Ms Highness the present Maharaja decided to 
restore the observatory completely. The services of Lieutenant A. H. Garrett. 
R.E., were lent and the work was finished in 1902, in which year also' Lieute- 


^ 12 Paris fe6t=12*8 English feet approximately. 
® 70 Paris feet=:74J English feet approximately. 
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nant Garrett, assisted by Pandit Chandradhar Guleri, prepared and published 
an account of the observatory. This account, as far as the descriptions of the 
instruments are concerned, is an excellent one, but the parts relating to the 
history of astronomy are not so reliable. It is difficult to judge of the work 
of restoration, as no reliable account of the observatory before the restoration 
took place is available. Colonel Hendley, in 1886, gave a rough plan of the 
observatory, and a list of the instruments,^ but not in sufficient detail for purposes 
of comparison. 

Lieutenant Garrett’s work has been somewhat severely criticised in one 
respect.® He found that the Ea^i Valaya instruments did not accord altogether 
with his idea of their use, and altered the angles .slightly. He assumed that 
each instrument corresponded to a ‘ rising sign,’ and was to be used at the time 
of rising of the particular sign for the measurement of celestial latitude and 
longitude. The following table shows the actual alterations made in the twelve 
instruments corresponding to the twelve signs :— 


SigiiB, 

Meahukkmbhth op onomonb 
EM POEM ALTMIUTION. 

MMASlimilMENTH Oir GNOMONS 
AJTMR ALTEEATION, 

Azimuth. 

Altitude. 

Azimuth. 

Altitude. 









o / 

o / 

0 f 

0 / 

ArioH 






# 


— 2fl 0 

27 0 

—2J5 60 

24 32 

TauniR . 






« 


—21 30 

16 30 

—21 17 

14 25 

Gomini , 








—12 30 

7 0 

—12 JO 

0 30 

Cancor . 








0 0 

3 30 

0 0 

3 2H 

Loo 








12 30 

7 0 

12 10 

0 

Virgo . 








21 30 

15 30 

21 17 

14 25 

Libra . 







. 

20 0 

27 0 

25 60 

24 32 

Scorpio . 








26 0 

38 0 

26 37 

36 33 

Sagittarius 







• 

18 0 

40 30 

17 40 

46 42 

Caiiricornus 







♦ 

0 0 

60 30 

0 0 

60 22 

Aquarius 







4 

—18 0 

^0 30 

—17 40 

46 42 

PiSOOR . 




• 



• 

—26 6 

38 0 

—26 37 

36 33 









Maximum alteration 

0 29 

2 28 


^ Loudon Inclo-Colonial Exhibition in 1886. Handbook of the Jcjj'pore Courts. i)p, 69-02 
® Indian Antiquary, XXXV, 1006, p, 34. 












Chapter IX.—UJJAIN OBSERVATORY. 


Latitude. 

Longitude . . . . • 

Height. 

Magnetic Declination . 

Local time is 26 minutes 52 seconds 


. 23° 10' 18" N. 

. 75° 46' 2" E. of Greenwich. 

. 1500 feet. 

. 0° 45' E. (1916). 
c standard time, 


60. The observatory is situated to the south-west of the present city, in 
the quarter caUed Jaisingpura, on the north bank of the river Sipra. From the 
Water Works it is half a mile west. The general situation is seen in the attached 
map, and in figure 60. The river bank is corroding away, and about a quarter 
of a mile to the east of the observatory is seen the remains of a well, now 
standing in the river itself. The observatory is 125 feet north from the river, 
and is hardly in danger owing to this proximity; but the drainage about the 
observatory is not under control. There is a small, and, apparently, fresh nullah 
quite close by, and the foundations of the Digam^a Yantra have already been 
partly worn away. 

61. The observatory now consists of the following instruments:— 

(а) The Samrat Yantra. 

(б) The Dakshino Vritti Yantra. 

(c) The Nari Valaya Yantra. 

(d) The Digaihia Yantra. 

These are aU in a state of rum. The foundations of the Digaiii^a Yantra 
have evidently moved, and its walls are badly cracked^ The Dakshinovritti 
Yantra is inclined to the perpendicular at an angle of about 6 degrees. This 
is possibly due to the faulty structure, for the foundations for this lieavy mass 
of masonry seem to be inadequate. The Samrat Yantra is in a dilapidated 
state, and the styles and graduation have disappeared from the Nari Valaya. 

Of the Samrat Yantra only a skeleton remains. In the general plan (plate 
XXIY) it is shown as though complete, but figure 61 shows its actual present 
state. It is, practically, of the same size as the one at Benares, and the smaller 
one at Jaipur, namely, 22 feet high, the edge of the gnomon 47-^ feet, and the 
radius of each quadrant 9 feet 1 inch. In 1796 or thereabout, when Himter 
visited Ujjain, the quadrants were divided into ghatis and subdivisions. From 
the edges of the quadrants, where they intersect the walls of the gnomon, lines 
at right angles [GE, EF figures 34 and 35) were drawn on the gnomon, and 
perpendicular to its edge. From the points {H, F), where these lines meet the 
edge of the gnomon, scales of tangents were marked on the edges. All these 
graduations have disappeared. (For the theory of the instrument see page 36.) 

The Dakshinovritti Yantra (‘ Meridian instrument ’) is shown in plate XXIV 
and in figure 62. The masonry work is fairly intact, but the graduations have 
disappeared. The instrument was originally something like that at Jaipur 
(figure 66). It consists of a wall lying in the meridian, and on its east face was 
a double quadrant, the centres of which were at points near the ton corners 
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of the wall and 25 feet apart. A portion of one quadrant is still visible, 
engraved in the lime plaster with which the wall is faced, but this is probably 
not the original graduation. On the ledge below the quadrants there are traces 
of a scale of tangents. On the west side is a flight of steps (figure 62) leading 
to a narrow platform at the top. At the south-west end of this platform ip a 
small pillar, 2 feet in diameter; according to Hunter this was “ graduated 
for observing the amplitude of the heavenly bodies at their rising and sotting ” ; 
and was called Agra Yantra (‘ amplitude instrument ’). The graduations have 
now disappeared. At the middle of the platform, and on the east side, is a 
small projection of the parapet, 2 feet 4-^ inches long and deep. On this. Hunter 
tells us, was “ constructed a horizontal dial called Puehlia Yunter.” There is 
no sign of this dial now. 

The Nari Valaya or ‘ Circular dial ’ is constructed on the same principle 
as those at Benares and Jaipur. It is situated a few feet to the soutli of tlie 
Samrat Yantra, UJid consists of a cylinder 7l feet long 3 “feet 7-J inches in dia¬ 
meter, whose axis is fixed horizontally in the plane of tlie meridian, the faces 
of the cylinder being cut parallel to the ])lano of the equator, Tu the centre 
of each face, and at riglit angles to it, was an iroji style, roujid which was a circle 
graduated into ghalis and subdivisions. The stylos and graduations have disappeared. 

The Digamsa Yantra is similar to the one at Benares. It is situated quite 
close to the Samrilt Yantra on the east side and consists of an outer circular 
wall, 36 feet 10 niches in diameter and 8 feet 10 inches high. Concentric with 
this is another wall, 24 foot 4 inches in diameter and 4 feet 6 inches liigli. 
Originally there was a pillar at the centre, but it has been removed. Cross 

wires were stretcliod north to south and cast to west on the outer wall. At 
the four j)oints t)t the compass, in the outer and inner walls, were arched open¬ 
ings, but all of those in the outer wall, except that to the west, have been filled 
up. The t)utcv walls are badly cracked, and a groat part of the foundations is 
now exposed. This is duo to the bad drainage of the slope to the river. The 
nullah that passes close by the Digariifia Yantra could easily be diverted. In 

Hunter’s time the Imilding was “ roofed with tiles and converted uito the abode 
of a Hindu deity,” so that Himter was unable to examine its construction. 

This is of interest, as showing that, even in the eighteenth century, the instrument 
was no longer used for astronomical purposes. Hunter also writes';—“ Urania 
fled before the brazen fronted Mars, and the observatory was converted into an 
arsenal and fomidry of cannon.” 

52. There appear to be no records of any astronomical instruments at 

Ujjain, earlier than those installed by Jai Singh. The date of the construction 
of his observatory is uncertain, but it was probably between A.D. 1728 and 
A.D. 1734 (see jiage 139). There is no record as to whether, or not, the instru¬ 
ments were ever used for actual systematic observation, but we know that, before 
the end of the eighteenth century, they had ceased to be so used. 


1 There ia Home ambiguity in Huater’H referonoe but Farmy Parkes {Wanderinga of a Pilgrim, eto., 
11. 209) turns it into a certainty, for she says: ** The observatory at Oujein has since been oonvcrUuI into 
an arsenal and foundry of onnnon.” Her Information was obtained from Himtor. 
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The earliest known description of the Ujjain observatory was by the Jesuit 
priest, TiefEenthalei; who travelled in India from 1743 to 1786. His account ^ 
of the observatory is as follows:— 

“ Not far from there is a suburb built by Dj^sing, King of Djepour, a ci-devant 
governor of this province (Malwa). An astronomical observatory is to be seen there, 
with instruments, made of cement; namely two e< 3 [uinoctial dials, one large and one 
yaTYifl.1l ; a gnomon (axis mundi) elevated according to the height of the pole at 
this place, and set in the meridian; and on either side of this is a quadrant of 
a geometrical circle; also a dial made in lime, and a meridian wall in stone. 

The only other account of any value is that by Hunter (from which we 
have already quoted) who accompanied the Agra Resident s expedition to Ujjain 
in 1792-93. He briefly describes the instruments, and he states that Jai Singh 
determined the latitude of Ujain to be 23° 10' N., and Hunter himself took con¬ 
siderable trouble in verifying this result, which he considered correct to the minute.- 
53. Restoration. —There has been considerable discussion as to the best means 
of preserving Jai Singh’s observatory at Ujjain; and it has been suggested that 
it should be restored and improved, so as to be of help in the work of reforming 
the Hindu calendar. The instruments, as they now stand, are, however, far 
too dilapidated to be restored satisfactorily for practical purposes. They should 
be preserved as "relics, and only restored to such an extent as to show them, 
more or less, in their original state. To attempt to do more with them would 
be foolish. Originally the instruments were by no means the best devised by 
Jai Singh, and they never were instruments of accuracy in the modern sense. 
The work of restoration should have for its end the proper preservation of the 
instruments in their original form : and to this end I make the following suggestions:— 
(i) The drainage should be properly regulated. (It should be quite a simple 
matter to divert the drainage from the foundation of the instruments.) It also 
may be considered desirable to construct some protection on the river front, 
(ii) The ground surrounding the instruments should be levelled; the trees re¬ 
moved, etc. (hi) For the particular instruments the following suggestions are 
made: (a) The Samrat Yantra.—This should be restored on the same lines 
as the Benares instruments, but European graduations and symbols should not 
be employed. (6) The Dakshinovritti Yantra presents considerable difficulty 
because of its Hst. The only solution seems to be, to take it down and rebuild 
it stone by stone on a secure foundation, (c) The Digarii^a Yantra presents no 
great difficulty, but parts of the walls will have to be taken down and rebuilt. 
Its permanent preservation is a matter of drainage. The cross wires should be 
replaced, and the graduations on the walls remarked, (d) The Nari Valaya 
requires regraduation and the replacement of the styles. 

TTjjain, the Greenwich of India. 

54. Ujjain (the o^rfin] of the Greeks), or Avanti, as it was often called, is 
mentioned in early Hindu Astronomical works as situated on the prime meridian, 
and tradition also makes it the centre of astronomical learning in India. 


^ Hisloriadhe — geogfa'pMscke Beachreihung von Hindustan* vol. i. 240. 
® Asiaiic Reaearches 7, 1799, p. 194 f. 
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In the Parichasiddhariiikd (xiii, 17) we read: " Ujjayini is near to Lanka, 
being situated to the north on the same meridian: hence the noon of the two 
places occurs at the same time, but their days are unequal with the exception 
of the equinoctial days." The latitude is given (v. 19) as 24° N. and " the 
nddikds, arising from the difference in longitude from Yavana, are seven and a 
third in Avanti, nine in Varan.asi.”^ (iii, 13.) 

The Surya SiddMnta (i, 62) says : ” Situated upon the line which passes 
through the haunt of the demons,® and the mountain which is the seat of tlie 
Gods,® are Rohitaka and Avanti, as also the adjacent lake." 

Albiruni’s discussion of the position of Ujjain is of considerable interest. 
He writes ^ : “ All canons of the Hindus agree in this that the line connecting 
Lanka with Meru divides the oiKovfievr) lengthwise in two halves, and that it 
passes through the city of Ujain, the fortress of Rohitaka, the river Yamuna,® 
the plain of Tancshar, and the Cold mountains. The longitudes of the places 
are measured by their distance from this line. On this head I know of no 
diflorence, except the following passage in the book of Aryabhata of Kusumapura : 
—‘ People say that Kurnkshotra, i.e., the plain of Tancshar, lies on the line 
which connects Lanka with Meru, and passes through Ujjain. So they report 
on the authority of Puli^a." But he was much too iutelligeut not to have 
known the subject bettor. The times of eclipses prove that statement to be 
erroneous, and Pyithusvamin maintains that the diflorence between the longitudes 
of Kurukshetra and Ujjain is 120 yojanas.’ These are the words of Arya¬ 
bhata. Ya'Kiib Tbn Tarik'' says in liis book, entitled the Composition oj the 
Spheres, that the latitude of Ujjain is 4| degrees, but he does not say whether 
it lies in the north or south. Besides ho states it, on the authority of the 
book Al-Arkatul, to bo 4| degrees.® Wo, however, found a totally different lati¬ 
tude of Ujain in the same book in a calculation relating to the distance between 
Ujain and Almansura,® which the author calls Brahmaijavata, i.e., Bamhanwa, 
viz., latitude of Ujain, 22° 49'; latitude of Almangiii-a, 24° 1'. Accordmg to the 
same book, the straight shadow in Lohaniyye,^® i.e., Loharani, is 6f digits. On 
the other hand, however, all the canons of the Hindus agree in this, that the 
latitude of Ujain is 24 degrees, and that the sun culminates over it at the time 
of the summer solstice.” 


1 Yavana in Aloxauclria, wlio.so longitutlo it* approxiumtely 29® 51' K. of Greenwich. Seven and ono- 
third 7id4ikas‘^2 hoiirH 50 mi nut oh-'-. 44 degrocK, and 9 These give the longitude o£ Ujjain 

and Varanasi (Bonaren) as 73® 51' and 83® 61', Their longitudeH are apj)roximatoly 76® 47' and 83* 0' 46*. 

® Lankii. 

3 Mount Meru. 

^ AlhentnVs India (By E. »Sachau) i, 316. 

® ? At Mathura aocording to Albiruiil (i. 308), Rohitaka> ho says, is in the district of Multan, It 
was deserl-ed in Allnrunrs time. 

« 7 FI. circa A.U. 4(K). 

’ P Died A.1). 796, sec Kutor, p. 4. 

® This must bo an equinoctial shadow length, which gives a latitude of t(xn ^ ^ b= 20® 67roughly. 

The correct latitude is about 23® 10', which gives a shadow of 6,®^ digits. 

* This is given on the * Jaipur B ’ astrolabe, with latitude 27® 40' North, See p. 127. 

10 Perhans the Atuylffape of Ptolemy. t(tn ^ ^ = 26® 16' nearly. 
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Again lie says (i, 308,'“ The city of TJjain, which in the tables of the 
longitudes of places is mentioned as Uzain, and as situated on the sea, is in 
reality 100 yojana distant from the sea, etc.” 

Bhaskara in his SiddMnta Siromatii (Gapita, vii, 2) writes :—“ The line which, 
passing above Lanka and Ujjayim and touching the region of Kurukshetra and 
other places, goes through Meru—that line is by the wise regarded as the central 
meridian of the earth.” 

Bhaskara also mentions Ujjain, in several other connexions, as the place of 
zero longitude, and he gives its latitude as ‘ one sixteenth of the whole circum¬ 
ference, north of the equator.’ This is equivalent to 22| degrees north, whereas 
the latitude of the present city is about 23° 11', that of Jai Singh’s observatory 
being approximately 23° 10' 24". Another value was obtained from the length 
of the equinoctial shadow, which was given as 6 da^fidas 10 minutes, or 310 
minutes. This ^ is the shadow of a gnomon 12 da^das or 720 minutes high, and 
hence the latitude= tan = 23° 17' 40". 

55. The question of the formation of a new observatory at Ujjain is one 
of great importance. Ujjain is one of the most ancient astronomical centres 
in the world, and not only should it have a modern observatory, but it should 
be the centre of Hindu astronomical teaching. Perhaps, one of the most 
important practical questions to settle is the position of such an observatory, 
which is to be the position of zero longitude for Hindu astronomers, and is to 
accord with the traditional position of zero longitude. To assist in this very 
important matter the annexed map of Ujjain has, with the assistance of the 
Eesident of Gwalior, the Director-General of Archseology and the Surveyor- 
General, been produced. The Trigonometrical Survey point on the map is Hill 
1678, whose longitude is approximately 76°46'44", and latitude approximately 23° 
11' 6" North. It is doubtful whether there ever was a fixed position in ancient 
Ujjain, which was considered as of zero longitude. Hather vaguely, the old city 
of Ujjain—to the north of the present city—^was meant; or, it is just possible, 
that Jai Singh considered this point when he located his observatory to the 
south of the present city, and that the site of Jai Singh’s observatory is the 
traditional place—^but this is doubtful. The plan now to follow is to fix upon 
the position of the new observatory and determine its longitude and latitude 
independently of tradition. The accompanying map should be of help in obtaining 
the first approximations for the longitude and latitude of such a position, and it 
is hoped that it wBl be of use to the Pandits of Ujjain. 


^ Gaerin, Asirmomie Indian Tie, Parie, 1847, p. Ii6. 












Chaptee X.—BENAEBS OBSEEVATOEY. 


Latitude.25° 18' 24-9" N. 

Longitude.83° 0' 40-1" E. of Greenwich. 

Height above sea level . . . 350 feet. 

Magnetic declination .... E. 0° 46'(1915). 

Local time ...... 2 minutes 3 seconds before standard time. 

66. The observatory is situated on the roof of the old part of the building 
known as the Manniandira, which was built by Man Singh, a Eajah of Amber, 
who flourished at the beginning of the seventeenth century. (He died in A.D. 
1614.) This building is on the west bank of the Ganges, near the Mani 
Karnika ghat, and 1^^- miles south-east by south from Queen’s College. The 
proper approach is from the river front, that from the city being through 
narrow, unsavoury alleys. “ Though not very architectural in its general 
appearance,” writes Fergusson,' ” (it) has on the river face a balconied window, 
which is a fair and pleasing specimen of his (Maai Singh’s) age.” (Figure 64). 

On the roof of the Manm.andira, as constructed by Man Singh, and a little 
over a century after it was built, Sawai Jai Singh of Jaipur placed the astro¬ 
nomical instruments that now form the observatory. Some time about the 

beginning of the nineteenth century the Manmandira appears to have been 

enlarged,^ and about the middle of the nineteenth century it was restored. 

In figure 64 the part of the Manmandii'a that supports the observatory is to the 
right: the circular Digarhsa Yantra is seen above the three balconied windows. 

The general phui of the roof of this part of the building (plate XXYl) 

shows— 

The larger Samrat yantra (-.'1^1), the Narivalaya yantra, the Chakra yantra {CO), 
the Digarhsa yantra {BD), and the smaller Samrat yantra. 

On the east wall of AA is a double quadrant or Dakshinovpitti yantra, 
and to the south of AA is another Dakshinovyitti yantra, not shown in the plan. 
The grooves shown in the plan were possibly used for levelling purposes. 

57. The Samrat Yantra (AA) is of the same type as those at the other 
observatories, and is the same size as that at Ujjain and the smaller one at 
Jaipur. Its height is 22 feet 3^' inches, the edge of the gnomon is 39 feet 
inches long, and the radius of each quadrant is 9 feet inches (see p. 36). 
The edges of the gnomon and the quadrants are faced' with sand-stone, and 
the graduations are carefully marked. On the quadrants every half-hour is 
marked by two inlaid metal discs, the one towards the north edge being 
inscribed in Indian characters, while the one on the south is in European 
figures. Each edge is also graduated into minutes and quarter minutes; and 
also into degrees and tenths of a degree. The edges of the gnomon are gra¬ 
duated with the usual tangent scales (see page 36). A comparison between 

^ A History of Indian and JSasiem Architecture, vol. ii, 178. 

2 Compare CampbelPs drawing (figure 07) and PrJneop^s drawing. Tbe latter is gi\en in Bamres 
Ulusirated hy a series of Drawings, by James Prinsop. 
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a drawing made about 140 years ago (figure 67) and a recent photograph (figure 
66) shows that very little alteration has been made, the only noticeable being 
the inlaid metal discs already referred to, the employment of European symbols 
the division into hours instead of gJiatis. 

On the east wall of the gnomon are two graduated quadrants (figure 66), 
used as a Dakshinovritti Yantra or meridian instrument. Each quadrant has a 
radius of 10 feet 7 inches. The shadow of one of the pins (fixed at the top 
of each quadrant) gives the zenith distance at noon, and zenith distances of other 
heavenly bodies could be observed directly, by moving the eye along the appropriate 
quadrants. Under these quadrants is a platform (shown in the plan) for the observer. 
Apparently, in 1773, these quadrants were notin existence (see figure 67), but 
according to Pandit Bapu Deva Sastri they were there in 1865. 

The other Dakshinovritti Yantra is a self-contained instrument, consisting 
of a wall lying in the meridian, on the east face of which are two quadrants, 
each of 7 feet 9^ inches radius. Sir Robert Barker in 1777 stated that the 
quadrants were of different radii, the larger of which he judged to be 20 feet, 
If his description be correct, the instrument must have been entirely rebuilt 
later on, possibly when the Manmandira was added to. In 1865, to the east 
of this instrument were three circles of 10 feet 3 inches, 2 feet 4 inches, and 3 
feet 5 inches, respectively, in diameter; and also a stone square with sides 2 feet 
2 inches. The circles were possibly used for construction purposes. 

The smaller Samrat Yantra calls for little remark. It is 8 feet 3 inches 
high, and the radius of the quadrants is 3 feet 2 inches (figure 65). If the early 
drawing (figure 67) is correct, the instrument has been moved from its original positioii. 

The Nari Valaya (‘ circular dial ’), or TJUara dakshino Gola (nortli and south 
dial), is a cylindrical dial—^the axis of the cylinder pointing north and south, 
and the northern and southern faces being parallel to the plane of the equator. 
At the centre of each face, and at right angles to it, is a short iron style sur¬ 
rounded by two circles—^the outer one (on the northern face) ^ graduated in 
hours, etc., and the inner one in ghatis, etc. Besides serving as an ordinary 
dial the instrument marks the equinoxes, since the northern face can only be 
used for sun observations when the sun is north* of the equator. The inscrip¬ 
tion on the instrument reads :—“ Narivalaya Dakshin and Uttra Gola. The use 
of this instrument is to find whether the heavenly bodies are in the northern 
or southern hemisphere. It gives time also.” 

The Digamsa Yantra (‘ Azimuth instrument ’), marked DD in the plan, is the 
large circular building at the east of the terrace. It is partly visible in the 
general view of the Manmandira (figure 64). The exterior diameter is 31^ feet, 
the outer wall is 8 feet 4 inches high and the inner waU and central pillar 
are each 4 feet 2 inches high, and an iron rod fixed to the central piUar is of the same 
height as the outer wall. The tops of both walls were originally graduated 
into degrees, etc.; and cross wires were stretched north to south and east to 
west on the outer wall. The use of the instrument is to measure azimuths 


^ There is sume indication that this instrnmAnt was originally made for northern observations only. Seo p. 
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or horizontal angles (see page 38), but it is now of little practical nse, owing 
to its being surrounded on all sides but one by buildings. 

To the south-east of the Digariisa Yantra there used to be another dial, 
whose diameter was 6 feet 2 inches. It was on a platform slightly higher than 
the terrace, and approached by steps. At the present time there is no space 
to accommodate such an instrument, and Campbell’s drawing of 1773 (figure 67) 
shows no such instrument. However, Williams mentioned that it had been 
excluded from Campbell’s drawings,^ and it was mentioned by Hunter in 
1797 and by Pandit Bapu Deva Sastri in 1865. 

The Chakra Yantra is shown in the plan at CC. It is an eq^uatorial, and 
was common to most mediaeval observatories. It consists of an iron circle 
(declination circle) 3 feet 7 inches in diameter, one inch thick and two broad, 
faced with brass, on which degrees and minutes are marked. The circle is fixed 
so that it can revolve round an axis parallel to the earth’s axis. At the south¬ 
ern extremity of this axis, and on the pillar which supports the instrument, is 
a graduated circle (hour circle) in the plane of the equator (figure 65). There 
is no pointer for this hour circle, and according to Hunter there was none in 
1797. Attached to the centre of the declination circle is a sighter, consisting 
of a hollow brass tube (figure 68), but this is comparatively new. Hunter wrote : 

Observations with this instrument cannot have admitted of much accuracy, 
as the index is not furnished with sights ; and the pin by which it is fixed to 
the centre of the circle is so prominent, that the eye caiinot look along the 
index itself.” In figure 68 can be seen what is probably the old index and also 
the new tube sighter. 

The sighting arrangement is fixed to the big circle by a pin, and this pin 


Fia. 68. The Fakas ob Hobse. 


^ Pbil, Trans. R-oyal Soc. 1793 i. 45. 
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ia fixed by a cotter or wedge, shaped roughly into some semblance of a horse’s head 
(figure 68). In the section on the astrolabe (page 18) it was stated that the 
Arabs called such a wedge faras (‘ horse ’), and that in mediaeval Europe it was 
generally made into some semblance of a horse’s head (see figures 24). “ Thorw 

which Pyn,” wrote Chaucer, “ ther goth a litel wegge which that is cleped 
the hors that streyneth alle these parties to hepe.” There is abundant evidence 
to show that the horse shaped design of the wedge was brought to India by 
the Muslims, and the example on the Glidhra Yantra is interesting as evidence 
of the persistence of a traditional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instruments. 

68. History. —The Manmandira was built about the beginning of the seven¬ 
teenth century. Campbell’s drawing of 1773, and Prinsep’s of 1825, and recent 
photographs enable us, to some extent, to trace the additions and alterations 
made. The part of the fagade that is directly mider the observatory belongs 
to the oldest part of the building, and that part that has no balconied windows 
is comparatively new (see figure 64). The fine window on the extreme nortli 
(right) of the building was given by Prinsep in his illustrations of Benares, and 
has been described by Fergusson and Ha veil. 

The astronomical mstruments were added by Jai Singh about A.D. 1837.‘ 
The date is not certain, and nearly every Avriter gives a different one. Sir 
Eobert Barker, who was almost a contemporary of Jai Singh,“ said that the 
observatory was built by Akbar; Prinsep wrote : “ The building was converted 
into an observatory by Jysing, A.D. 1680 ” and refers to a supposed 
description of it by Tavernier®; anotlier writer gives A.D. 1693^ and another 
1700. Father Boudier who visited Benares in 1734 and made astronomical 
observations there makes no mention of the observatory. Jai Singh himself 
tells us that, in order to confirm the observations made at Delhi, he comtructed 
instruments of the same kind at Jaipur, Mathiu-a, Benares and Ujjain; and the 
Delhi observatory was probably built about 1724; that at Jaipiu* was built 
in 1734, and Williams’ date for the observatory at Benares, 1737, may be 
accepted. 

69. Early Descriptions.— In A.D. 1777« Sir Eobert Barker, who was for a 
short time Commander-in-Chief in Bengal, published a description of the instru¬ 
ments, together with a perspective drawing of the observatory as a whole, and 
detailed drawings of the Samrat Yantra, done by Lieutenant-Colonel Campbell, 
Chief Engineer of the Company’s service. The perspective drawing is here 
reproduced (%ure 67), and it shows that the main features of the observatory 
are the same to-day as they were nearly a century and a half ago. There are 
apparent differences, but some of them may be due to the nature of the 
drawing: e.g., the Narivalaya and the small Samrat appear to have been 

1 This ia the date given by Williams, who, on all points that can be verified, is extremely reliable. 
See p. 130. 

® Sir Robert Barker lived from 1729-1789, and went out to India in 1749, six years after Jai Singh’s death. 

® Tavernier died in 1689, three years after Jai Singh’s birth. 

^ This particular mistake is repeated in the EncydojKiedia Britannica, vol. 3, p. 714. 

® Sir Robert- Barker left India in 1773. His notes and the drawings were probably made in 1872-73. 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


66 


displaced sligMy; the wall that supports the east quadrant is different in detail; 
there are no graduated quadrants on the east wall of the gnomon; the edge 
of the plinth, on which the larger Samrat stands, has changed its ali gnm ent • 
and, in the drawing, no plinth at all is shown for the other instruments. From 
the notes of Williams and Hunter it appears that the drawing is somewhat 
incorrect, or, at any rate, misleading for the south-east corner of the terrace, 
for it shows no trace of the second Nari Valaya, described by them. 

Sir Kobert Barker’s account of the Benares Observatory was of the nature 
of a communication to the Royal Society, London. Further information seems 
to have been asked for, and this was supplied by Mr. J. L. Williams of Benares 
in A.D. 1792, who recorded very careful measurements and added some interest¬ 
ing details as to the history of the place. He writes: “ The area, or space 
comprising the whole of the buildings and instruments, is called in Hindoo, 
Maun-mundd; the colls and all the lower part of the area, were built many 
years ago, of which there remains no chronological account, by the Rajah 
Mansing, for the repose of holy men, and pilgrims, who came to perform their 
ablutions in the Ganges, on the bank of which the building stands. On the top of 
this the observatory was built, by the Rajah Jetsing, for observing the stars, 
and other heavenly bodies; it was begun in 1794 ^ Sambat, and it is said was 
finished in two years. The Rajah died in 1800® Sambat. The design was drawn 
by Jaggernaut and executed under the direction of Sadashu Ma Makajin; but 
the head workman was Mahon, the son of Mahon, a pot maker of Jopoor.” 

In 1799 Hunter gave a brief description of the observatory, supplementary 
to the previous accounts. Ho speaks of the accuracy of Mr. Williams’ measure¬ 
ments and explains some of the terms used ; and clears up one or two other 
points. In 1848 Sir Joseph Hooker made excellent drawings of three of the 
instruments, and in his diary records ^ that “ the observatory is stil the most 
interesting object in Benares, although it is now dirty and ruinous, and the 
great stone instruments are rapidly crumbling away.” The only other descriptions 
it is here necessary to mention are those by Pandit Bapu Deva Sastri, Lala 
Chiman Lai, and Pandit Gokal Chand. 

GO. Restorations. —Of previous restorations we know very little. Sherring states 
that the Brahmans “ were utterly careless ” about preserving the instruments 
According to Havell, the Manmandiia was restored in the middle of the nineteenth 
century. In 1912 the present Maharaja of Jaipur ordered the complete restora¬ 
tion of the instruments. This work was very thoroughly done under the direc¬ 
tion of the court astronomer. Pandit Gokal Chand. 

The observatory at Benares has long since ceased to be used for practical 
purposes. The Brahmans consulted by Williams in 1792 all agreed that it 
“ never was used for any nice observations.” Its present situation, surrounded 
on most sides by buildings, is not ideal for astronomical purposes; and the in¬ 
struments are, of course, very crude compared with those in modern observatories. 
The value of the observatory is chiefly historical; it is a monument to one of 


‘ A.D. 1737. * A.D. 1743. 

“ Hirrudaynn JourmlSy 1854, pi). 74—77. 


L 
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the brightest intellects of India ; and it illustrates a very interesting phase of 
the history of astronomy. It might have another value if advantage were taken, 
namely an educational one: for the demonstration of the elements of practical 
astronomy a better set of hastruments could hardly be devised. But, apparently, 
astronomy is no longer studied at Benares, Ujiain and Jaipur. 



Chaptbk XI.—MATHURA OBSERVATORY. 


61. The old fort, at Mathura, known as Earn, ha kila, was rebuilt by Raja 
Man Singh of Jaipur. On the top of this fort Jai Singh built the last of his 
observatories. The whole of it has now disappeared. “A little before the 
Mutiny,” Growse^ tells us, “ the buildings were sold to a government contractor 
Joti Prasad, who destroyed them for the sake of the materials. Certainly 
they had ceased to be of any practical use; but they were of interest, both 
in the history of science and as a memorial of one of the most remarkable men 
etc.” 

Tieffenthaler and Hunter give brief descriptions of the Mathura observatory, 
and, as these appear to be the only actual descriptions preserved, they are given 
in full. TiefEenthaler’s account (i. 143) is as follows 

“ On the roof of the fortress are seen certain astronomical instruments, 
erected by the famous Rajah Djosing, a lover of astronomy: principally a gnomon 
in lime stone, which represents the axis of the earth, 12 Paris feet in height; 
some equinoctial dials of 6 spans in diameter; and some other smaller ones 
aiTanged for the latitude of the place; while other instruments exhibit different 
sections of the sphere. The observatory is only a feeble imitation of that at 
Djepour; but it has the advantage over the latter of an elevated situation, 
which dominates an immense plain, while the observatory of Djepour is situated 
in a plain, and the rising and setting of the stars cannot bo seen, except from 
the top of a masonry gnomon of prodigious height.” 

02. “ At Matra,” wrote Hunter in 1799,“ “ the remains of the observatory 
are in the fort, which was built by Jayasinlia ® on the bank of the Jumna. 
The instruments are on the roof of one of the apartments. They are all 
imperfect, and, in general, of small dimensions. (1) An eqiunoctial dial, being a 
circle nine feet two inches in diameter, placed parallel to tlie plane of the equator 
and facing northwards. It is divided into degrees, which are numbered as pah 
10, 20, 30, 40, 60, 60: lastly, each subdivision is further divided into five parts, 
being 12 minutes or two pals. In the centre is the remains of the iron style 
or pin, which served to cast the shadow.* (2) On the top of this instrument is 
a short pillar, on the upper surface of which is an amplitude instrument, but it 
is only divided into octants. Its diameter is two feet two inches.® (3) On the 
level of the terrace is another amplitude instrument, divided into sixty equal 
parts. Its diameter is only thirteen inches. (4) On the same terrace is a circle, 
in the plane of the horizon, with a gnomon similar to that of a horizontal 


1 McUlhura: Dialriot Memoir, 1883, p. 131, 

® As. lies., V,, p. 180. 

* The fort was built by M3.u Singh. 

^ Thiii clesaription is intoresting as it corroBiJonds to the instructions given by Jagonnath {see p, 39). 
The Benares dial is similar and possibly had only a north face originally. 

® There is a similar pillar on the Jaipur instrument (see plate XX, figure 63h and also one on the top 
of the gnomon of the Samrat Yantra at Delhi, 
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dial, but tbe divisions are equal, and of six degrees each. It must therefore have 
been intended for some other purpose than the common horizontal dial, unless 
we may conceive it to have been made by some person who was ignorant of 
the true principles of that instrument. This could not have been the case with 
Jaysinha and his astronomers; but the instrument has some appearance of 
being of a later date than most of the others: they are all of stone or brick, 
plaistered with lime, in which the lines and figures are cut; and the plaister of the 
instrument, though on a level with the terrace, and consequently more exposed 
to accidents than the others, is the freshest and most entire of them all. (6) On 
the east wall, but facing westward, is a segment, exceeding a semi-circle, with 
the arch downwards. It is divided into two parts, and each of these into fifteen 
divisions. Its diameter is four feet. On the west wall, facing eastwards, is 
a similar segment, with arch upwards divided into the same way as the former. 
Its diameter is seven feet nine inches.” 



Chapter XII.—HISTORICAL PERSPECTIVE. 


63 . To enable ns to place the material collected in its proper Mstorical 
perspective it is necessary to survey briefly the development of astronomical 
science, as it affected Jai Singh’s work. In making such a survey it is neces¬ 
sary to bear in mind, not only the particular theories, topics and methods to 
be elucidated, but also the views of previous writers. 

Of Jai Singh’s theories we have but little information : tradition or mistake 
has allotted to him the whole Ptolemaic theory, and possibly he accepted it 
all; but he must have been acquainted with the teaching of Kepler, Galilei 
and Newton for he possessed the works of La Hire, Flamsteed and others. 
The topics he dealt with are outlined in the preface to the Zlj Muhammad 
Shdld. Principally ho was concerned with the design of instruments and 
practical observation, with a view to the preparation of a catalogue of the 
stars, etc. His bent was practical, and he was particularly anxious to eliminate 
instrumental errors. 

These points have been illustrated in the foregoing chapters, which also have 
indicated, incidentally, the sources from which Jai Singh obtained his astro¬ 
nomical notions and inspiration for his methods. There is not the slightest 
doubt as to the main influence that directed his activities—it was that of the 
Muslim astronomers of the type of XJlugh Beg; but it is still popularly supposed 
that Jai Singh’s work was, principally, if not wholly, of Hindu origin, and pre¬ 
vious writers have helped to strengthen the notion. Sir William Jones was one 
of the first to give this impression : “ The Sanskrit work,” he says,^ “ from which 

we might expect the most ample and important information, is entitled Chetradersa 
or a view of geometrical knowledge, and was compiled in a very large volume by 
order of the illustrious Java Singha, comprising all that remains on that science 
in the sacred language of India.” At considerable trouble and expense this work 
was published by the Bombay Government, and it turned out to be a Sanskrit trans¬ 
lation of Nagir al-Din al-Tusi’s edition of Euclid’s Elements. Hunter was also 
misleading in a negative way, and more recently Garrett’s (otherwise most excel¬ 
lent) book is somewhat remarkably wrong on historical matters. It practically 
makes Jai Singh the author of the Almagest, and the Hindus the inventors of 
the astrolabe; and generally gives the impression that Jai Singh’s work was 
wholly of Hindu origin. “ He revived Hindu astronomy,” it tells us, “ and gave 
such an impetus to its study, as had not been known in India since the time 
of Brahmagupta, in the seventh century.”® 

It is necessary, therefore, not only to trace Jai Singh’s theory and practice 
back to their proper sources, but to examine, in some detail, the possible connex¬ 
ions between his work and the traditional Hindu theory and practice. _ 

1 The works of iSir Willio/m Jones, with the Jjife 0 / the Author, By Lord Toigumouth, vol. iii, p. 24y# 
Sir W. Jones was usually wrong on astronomical matters. He emphasises his own mistake in this instance 
by his caution to others: “ Provided,” he says, “ that the utmost critical sagacity were appUed in ais- 
tinguishing such works.” 

a Pp, 19, 20, 21. 
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For purposes of exposition it is convenient here to speak of the influence 
of three schools of astronomy : (i) Hindu, (ii) Muslim and (iii) European.^ Jai 
Singh was, to some extent, in contact with all three, and it is a matter of con¬ 
siderable interest to determine the quality and quantity of their influence on 
him. Although he actually lived in the eighteenth century of our era, the 
influences that directed his activities were mediaeval: little advance had been 
made by the Hindu and Muslim schools for centuries, and the advances in Europe 
were too recent to be fully appreciated. 

Hindu Astronomy.® 

64. There is a certain amount of very interesting mythological astronomy 
recorded in the Vedas, but the earliest formal Hindu astronomical works are 
the Jyotisha VedM-ga and the Surya Prajnapti, the latter of which exhibits a 
strange cosmography (with two suns, two moons, etc.®) while both have the crude 
elements of a scientific astronomy. These works are of considerable historical 
interest; they show little, if any, Greek influence. 

Soon after the beginning of the Christian era the traditional astronomical 
system in India was largely discarded, and the system in vogue in the Greek 
schools was imported and assimilated. In the Pancha SiddMntikd of Varaha 
Mihira we, possibly, have summaries of two western books—the PauliSa and 
Romaha Siddhantas, but, quite apart from this, there is abundant evidence to 
showj not only Greek influence, but, Greek domination. The representative Indian 
work, that exhibits the astronomy of this period, is the Siirya SiddMtUa. In 
its original form this work was probably composed about A.D. 400, and the 
recension now in use about A.D. 1100. Since then very little attempt at advance 
has been made. The orthodox still accept the Surya SiddMnta as authori¬ 
tative, and other works are not essentially difierent. 

Such are the facts, but there has been an extraordinary amount of mis¬ 
conception current. According to Hindu tradition the Surya Siddhmta was 
composed some millions of years ago.* Bailly, towards the end of the eighteen 
century, considered that Indian astronomy had been founded on accurate obser¬ 
vations made thousands of years before the Christian era. Laplace, basing his 
arguments on figures given by Bailly, decided, that some 3,000 years B.C., the 
Indian astronomers had recorded observations of the planets correct to one 
second ; Playfair ® supported Bailly’s views ; Sir Wilham Jones argued that correct 
observations must have been made as early as 1181 B.C.; and so on; but, with 

^ The question of Chinese influence has not been considered; but it is interesting to note that, in the 
seventeenth century, the French Jesuits helped the Chinese in their astronomy; and at Peking, a few years 
ago, were several large instruments, supposed to be designed by Father Verbiest, copied from those of 
Tycho Brahe, and also some Muslim instruments of an earlier date. See G. Forbes History of Astronomy, 
pp. 76-T7. 

2 The following notes attempt to give, very briefly, only a fair notion of Hindu astronomy. No attemi^t 
has been made at completeness. For further information reference should be made to the works enumerated 
in the annexed bibliography (p. 142 seq.). 

® The astronomical notions of the early Christian writers were often for more absurd. See p. 83. 

* Surya Siddlianta, i, 2-3. 

® Afterwards both Laplace and Playfair recanted. See mv Hindu Astronomy* 
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the researches of Bentley, Colehrooke, Weber, Whitney, Thibaut and others, more 
correct views were introduced ; and it has long been known that the figures used 
by Bailly are comparatively modern. 

Vedic Astronomy. 

66. Vedic Astronomy is more poetical than exact, and it is of interest, apart from 
its poetic value, chiefly as a subject of controversy. Certain scholars, e.g., 
Dikshit, Tilak, Jacobi and others, argue, from rather vague astronomical premises, 
partly based on the texts, an extreme antiquity for the Vedic writings; others 
do not accept their views. 

The Vedic year was 12 months of 30 days each, with an occasional inter¬ 
calary month, “ the thirteenth month fabricated of days and nights, having thirty 
members.” (A.V. xni, 3, 8.) There is no indication of any definite cycle. 
^The five-year cycle appears later.) The year was also divided into two equal courses 
or aymas, a northern course or Uttarayana beginning at the winter solstice, 
and a southern course or Dahshwuiya'na beginning at the summer solstice. 

In the Eig Veda two asterisms only are mentioned, Magha and Phalgum ; 
but in later Vedic texts {e.g., A.V., xix, 7, 1-5) a complete list of the 28 

naksJiatras or asterisms is given. This list is headed by KriUikds or the Pleiades, 

which marked, it is believed, the vernal equinox of the Vedic year; and this 
is a foundation, although not a very secure one, for Vedic chronology.^ 

If the vernal equinox was marked by Kfittikds, then the period of fiving 
this was about 2360 years B.C., when the vernal equinox was approximately 
of the same longitude as Alcyone ( rj Tauri), the brightest of the Pleiades. But 
the only evidence we have is the occurrence of tlie list of nakshatras with 
Kyittikas at the head and, if the assumption made is true, the only legitimate 

conclusion is that this list must have been prepared at some time ajter 2360 B.C. 

It may have been an exolic list; or it possibly might be a genuine record of 
Hindu observation at some time or other. There is another difl&culiy in the 
fact that, according to the Hindu records, Kyittikas, apparently, marked the vernal 
equinox for a very considerable period. 

Other parts of the Vedic texts have also been used for the purpose of 
estabhshing their great antiquity: e.g., Jacobi attempted to prove that the 

Vedic year oonunenced with the summer solstice. His arguments are based 
on the following very doubtful rendering of a verse of the ‘ Prog Hymn’:— 

“ Those leaders of rites observe the institutes of the gods, and disregard 
not the season of [the twelfth month]as the year revolves and 
the rains return, then scorched and heated they obtain Freedom.” 

Dikshit,’ from a passage of the Brahmayias (^.B. II, 1, 2 *”*), fixes the 
age of its composition at 3000 B.C. The words “ They (the Kyittikas) do 
not move from the eastern quarter while the other asterisms do move from 

^ According to Albirum (II, 8), in his time, tbe year was commenced with Chitra, BhadrapadS., Krittika, or 
Mpga6irafl, according to locality or predilection. Sec also Pleet 1010, p. 070. 

® Other translations give "‘the twelve months,’’ 

® Indian Antiquary, 1896, XXTV, p. 246. 
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tlie eastern quarter lie takes to mean, definitely, that the asterism Kyittikas 
(Pleiades), and no other asterism, was on the equator; and he writes “In my 
opinion the statement conclusively proves that the passage was composed not 
later than 3000 B.O.” Many other similar interpretations have been strived 
after. 

In Vedic texts no definite mention is made of the planets, although much 
ingenuity has been exercised in interpreting the texts otherwise. There are possible 
references to eclipses, which Ludwig, with some skill, has attempted to identify. 


Vedanga Astronomy. 

66. (a) The Jyotislm VedMgd^ and the Suryagn'ajnxvpti contain the earliest 
formal astronomical statements. The former introduces the 6-year cycle of 
1830 apparent solar days. The year was tropical in theory and contained 366 
apparent solar days, and was, therefore, too long. The sidereal year was 367 
sidereal days. The lunar day or tithi was ^ of an ordinary day, but was 
reckoned as equivalent to an ordinary day for calendar purposes, one tithi being 
omitted as occasion required. There were 27 nakshatras, each supposed to 
occupy 13^ degrees of the ecliptic, and each nakshatra was considered 

to be divided into 124 equal divisions, or civh^cts. The sun, therefore, traversed 
5 X 27 asterisms in the five-year cycle, or aiii^as a day; and to traverse 

one nakshatra it took 13f' days =13 days 336 TcctldiS, since there are 603 hcilds 
in one day. The moon traversed nakshatras in one day, and one nakshatra 

in 1 day 7 kalas. 

The five-year cycle appears to have commenced with the winter solstice, 
and Sravishtha is said to have marked the beginning of this cycle, and also 
the beginning of the sun’s progress, and also the winter solstice—all of which 
are in agreement. If ^ravishtha is to be identified with li, a, y and S Delphini 
(as it usually is), then it marked the winter solstice about B.C. 1100. But 
a list of asterisms given in the text begins with Asvini (/3, and y Arietis), which 
marked the vernal equinox about the beginning of the Christian era. The 
Vedanga states that, during the northern progress of the sun, the days increase 
in length at an even rate of 1'67 minutes a day, or 4 hours 48 minutes in six 
months of 183 days®: the northern and southern progress are considered equal. 

(6) The Surya/prajtia/pti is a Jain treatise on astronomy, that is similar in 
many respects to the Vedanga. The Jainas held the old Indian idea of the heavenly 
bodies revolving round mount Meru, and, as a coroUary to this, they 
conceived two suns, two moons and two sets of constellations. The five-year 
cycle began with the summer solstice, with the sun in Pushya, and Thibaut 
ttought * this was a correction, from actual observation, of the older Vedanga. 

1 Vedaitga is the name of certain vrorka, or classes of works, regarded as auxiliary to the Veda. They 
are generally oonsidered as of a somewhat later date. 

® The table of olimates on page 131 shows that an increase of 4^ hours corresponds to a latitude 
of 36° 38^ N., the obliquity being taken as 23^ degrees. For a greater obliquity it would be further north. 

» Thibaut calculates a precession of 17° 3', or a difference of 1240 years between the VcdaAga and 
the Suryaprajnapti, but gives a caution as to the uncertainty of the deduction. 
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Another point of difference waa the employment of 28 nakshatras of unequal 
extent, and this altered, theoretically, the positions of the nakshatras—^iu some 
cases to a very considerable extent, and makes our estimations of the periods in 
which these works were composed very uncertain. 

(c) The characteristics of this period are;— 

(1) The five-year cycle. 

(2) The division of the sphere into 27 or 28 nakshatras. 

(3) Equal daily change in the length of the day. 

(4) Omission of any explicit reference to the planets. 

Greek Astronomy in India. 

67. VarSiha Mihira and others, about A.O. 560, made popular new ideas 
borrowed from the west: they remodelled the Hindu astronomical system on 
Greek lines. Varaha Mihira’s astrological works contain numerous Greek technical 
terms and show, unmistakably, Greek influence. His great astronomical work, 
the Paaiohasiddhantikd, consists of summaries of the PaitSmaha, Vasishtha, 
Romaka, Paulifia^ and Saura Siddhantas. “ The Siddhanta made by Paulina 
is accurate, near to it is the Siddhanta proclaimed by Romaka, more accurate 
is Savitra and the two remaining ones are far from the truth.” The summary 
of the PaitamaJia Siddhanta exhibits the teaching of the Vedanga stage but 
adds the epoch of 2 Saka (=A. D, 80). The Vasishtha Siddhamia appears to 
represent the transition stage. It alters the longest day rule and introduces 
shadow calculations, and the lagna or ‘ rising sign ’ notion; while the other three 
introduce, unequivocally, the Greek teaching. The main characteristics of the 
Romaka Siddhanta are— 

(а) A cycle of 2860=19 X160 years, perhaps based on the Metonic cycle. 

(б) A year of 365** 5'* 55‘" 12“, which is exactly the tropical year of Hipparchus. 

(c) The epoch of 427 §aka (=A.D. 505). 

{d) Omission of mention of epicycles. 

In the PauliSa Siddha/nta the following points are noteworthy:— 

(а) A year of 366** 0*‘ 12“. 

(б) A special rule for finding the place of the moon. 

(c) Very rough rules for eclipses. 

(d) Differences in longitudes between Avanti (Ujjain) and Yarapasi (Benares) 

and Yavana (Alexandria) are given. 

(e) A table of sines agreeing with Ptolemy’s table of chords. 

68. The Surya Siddhanta is probably the best known astronomical work of 
the Hindus. The several sections of the accepted text * relate to— 

1. The mean motions of the planets. 2. The true places of the planets. 

3. The gnomon. 4. Bolipses.® 

1 Albinlnl writes (i, 163): “ Paulisa-siddhaata, so called from PauliAa the Greek, from the city of 
Samtra, which I suppose to he Alexandria,” 

* Varaha Mihira’s summary of this work differs in some details from the text now in use, but not 
essentially, the length of the sidereal year in the two works is : Old Siiiya Siddhanta 366* 6** 12* 30*. 
Modem Silrya Siddhanta 366* 6** 12* 36*66". The text now accepted possibly dates from about A.D. 1100^ 
while the earlier limit for the original Stirya Siddhanta is about A,D. 400. 

* That subject which is the greatest mystery, which perplexes the minds of writers of astionomioal 
works.” (P.S. i,6.) 
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5. Planetary conjunctions. 8. Instruments. 

6. Asterisms. 9- Time. Cosmogony. ' 

7. Heliacal risings and settings.^ 10. Astrology. 

69(a). The topics dealt with in most of the later Hindu works are funda¬ 
mentally the same as those of the Surya Siddhdnta, and the following notes 
-apply, fairly generally, to all these works. The earth is considered as a fixed 
unsupported sphere, round which the other heavenly bodies revolve.^ Its dia¬ 
meter is given as 1,600 yojanas, and the distance of the moon as 61,570 yojanas, 
or roughly the same relative distance as Ptolemy gives (61J radii of the earth). 
'The distances of the other planets are calculated on the assumption that tliey 
move with equal velocities. The equation of the centre of a planet is calcu¬ 
lated by assuming epicycles, hut an apparently indigenous notion is introduced 
by ruflldug the epicycle oval. Ptolemy’s theory of the equant is omitted, and 

• certain other improvements of Ptolemy, relating to the moon and Mercury, are 
also omitted. The precession of the equinoxes is explained as a sort oflibration, 
within limits of 27 degrees east and west of a fixed position, at a rate of 64 
seconds a year; and the obliquity is generally reckoned at 24 degrees. 

The Greek names of the signs of the zodiac were adapted, and 
the seven day week introduced; many Greek astrological terms and some 
Greek mathematical terms were adopted without change. Some of the old 

• cosmological notions, that did not interfere with the new ideas, were retained. 
The Greek teaching was, indeed, accepted as a whole—but the evidence points 
to the curious fact, that the Greek astronomy introduced is that of a period 
preceding Ptolemy, although Ptolemy lived in the second century of our ora, 
and the Hindu-Greek astronomical works did not appear earlier than A.D. 400. 

69(6). One of the most notable features of Hindu astronomy of this period is the 
employment of immense cycles. To express the planetary elements in integral numbers 
the astronomers assumed an artificial epoch of general conjunction, and a period of rc- 
-curring conjunctions. The last general conjunction was supposed to be at 3102 B.C., 
and the cycle or yuga of recurring conjunction is supposed to consist of 4,320,000 
years.® The planetary elements are expressed in terms of this cycle as follows ;— 


Planet. 

Revolutions. 

Planet. 

RovolutioiiH. 

• Sun. 

4,320,000 

Saturn . , . , . 

146,068 

. Mercury .. 

17,937,060 

Moon: Sidereal revolutions 

07,753,.33C 

'^enus ••••■■■ 

7,022,376 

„ Synodic „ 

03,43.3,330 

Mars. 

2,296,832 

„ Revolution of apsis 

488,203 

-Jupiter. 

364,220 

„ „ ,, node • 

232,238* 


^ For some historical account of this topic see Bouch6-Leclercq, L^Asi/rologie grecgue, p. 111/. 

® Aryabhata attempted to revive the theory of Heraclitus that it was the earth’s own rotation 
that produced the apparent motions of the heavenly bodies; but he was condemned as unorthodox, and 
the view has never been accepted by Hindu astronomers generally. 

3 The number 4,320,000=20 x 60® is suggestive of Babylonian influence. also J. Adam, The, Nu'piial 
Number of Plato, 

* As Whitney points out all these numbers except the last two are divisible by four and this seems 
.to indicate that the last two were Jater additions. 
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There was, of course, no general conjunction at 3102 B.C., which period was 
arrived at by calculating backwards, according to the rules. Bentley assumed that, 
at that particular time when the calculation was made, the positions of the planets 
were known with some accuracy: he then calculated, according to the Surya 
Siddhdntci rules, the positions of the planets at several periods, and found them, 
most correct for A.D. 1091, and concluded that the elements were fixed and 
the work composed towards the end of the eleventh century 

Hindu Astronomical Calculations. 


70. The important elements in the Surya Siddhanta are:— 


A 

Years in the yuga or age .... 

4,320,000 

A. 

B 

Sidereal days ...... 

1582,237,828 

B. 

C 

Natural or civil days ..... 

1677,017,828 

0 = B—A. 

1) 

Solar months. 

61,840,000 

T) = 12 X A. 

E 

Sidereal months. 

67,763,330 

E. 

F 

Synodic months. 

63,433,330 

E=E—A. 

Q 

Intercalary months (adhijndsa) 

1,693,330 

G = E—D. 

H 

Lunar days (iilhi) . 

1603,000,080 

H = 30 X F. 

I 

Omitted lunar days (tilJU Askaya) 

26,082,262 

I = H—C. 

1 


(а) One of the most frequent of the Hindu calculations is concerned with 
finding the aha/rgm^i, or ‘ sum of days ’ that have elapsed since the beginning 
of a yaga. Thus at the commencement of the Saka year 953 (A.D. 1031, February 
25th) 3,244,132 years of the chaturyuga had elapsed, and to find the number of civil 
days the calculation is as follows:— 

G 

12 x 3,244,132 X gives 1,196,525 intercalary months,® whence the lunar days elapsed 

are 30 (12 x 3,244,132 + 1,196,526)=1,203,783,270. 

T 

Again 1,203,783,270 x jj- gives 18,835,679 omitted lunar days, and the number of civil 
days that have elapsed is therefore 

1,203,783,270-18,836,679=1,184,947,691. 

(б) Another characteristic example of the calculations is concerned with the- 
equation of the centre (Kendra). The mean position of a planet was calcul¬ 
ated from its number of revolutions in a yuga (p. 74). This was corrected 

hypothecating certain epicyclic motions. The mean motion in a circle (defer-- 
ent) gave wrong positions, so the planet was supposed to move in a second 
circle (epicycle), whose centre lay on the circumference of the mean circle 
(deferent), and the corrected position was calculated on this theory. For all but 
the sun and moon (which required only one) two corrections were made, (1) 
the equation of the conjunction, (2) the equation of the apsis—by two separate- 


^ For further details see my Hindu Astronomy, Bentley’s general argument ij quite sound, but he- 
must not be accepted as reliable on all points. 

* An intercalary month, only occurs when it is oompletoi hence the fractional pajt is omitted* 
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epicycles ; and by combining these two equations the ‘ tme place ’ of the planet 
was determined. The calculation is complicated, and entailed very considerable 
skill of sorts. Here are calculations for the planet Venus for a particular position. 

CAJLCriiATIONS FOR THE EQUATION OF THE CENTRE FOR VeNUS. 

(liven mean lon^fcade, L = 8' 18° 13' 

Longitude of conjunction, C = 10’ 21° 50' 

Longitude of apsia, A = 2’ 19° 52' 

Epicycle of apsis, B, varies from 11° to 12°. DifEeience, A= 1° 

Epicycle of conjunction, E, varies from 260° to 262° Difference, A=2° 


— 

Fust calculation 
lor equation Of 
conjunction. 

Second calculation lor 
equation ot apsis. 

Third calculation for 
equation of apsis. 

Fourth calculation 
for equation of 
conjunction. 

Liongitude ..... 

8 * 18° 13' . 

+26® 7' 

9‘1®17' 

+ 22 1028' 

8 - 18°13'+23' 


2 “ 


= 8 " 18°36' 

tz. Mean commutation = G—L 

2 3®37' 



•• 

2 « 3®37'—23' 

= 2’ 3® 14' 

a\ Equated anomaly =-4 —L 


6 18°36' 

• 

— 22 '_ 5 . igo 24' 


h, Bhujajya = Sin a oi a' . 

3080' . 

689' 


Jt 

691' 

3069' 

■c. Ko^ijyd = Cos a or a' 

d. Correction for epicycle , 

r 

1627' . 

3369' . 


3368' . 

1621' 

1°47' . 

12 ' 


12 ' . . . 


-a. Corrected epicycle = B—d 

260°13' 

II®48' . 


11°48' . 

260°13' 

^ he 

'360° 

2226' . 

22-3' . 


22 - 6 ' . 

2218' 

ce 

360® • • • • 

1104' . 

110 ' 


110*4' . 

1118' 

h. Chala Tcarm = -/(ril/)* + • 

5058' . 

3648' . 


3468' . 

6067' 

'•IT. 

j, = airr^i . . - - 

1615 . . . 

21-9' . 


22-5' . 

1606' 

+ 20°7' 

+ 0°22 . 

• 

+ 0°23' 

+ 26°69' 

The true longitude is therefore 


8* 18° 86' 


+26° 59' 

*=9“ 14° 35' 


The radiuB(r) is supposed to be divided into 3438 equal paxts, whioh ate, as a matter of convenience, 
termed minutes, and the mnes, etc. (bhujajya, kafijyS, oJuUa karrfa, eto.), are expressed in terms of this 
radius (see my iTidum 2f(^h&iuUic8j p. 11). 

The corrections for epicycles are simple proportions: the difierenoo for 90® is A > what is the difierence 
for i degrees t The dimentdons of the epicycle are expressed in degrees, etc., in such a way that (r' being 
the radius of the epicycle) 2 w r': 2fl- :: the number of degrees : 360. 

71. A great many interesting topics must be omitted in this brief sketch 
of Hindu astronomical theory. Aryabhata taught that the earth rotated upon 
its axis, and a proper explanation of eclipses, but was not approved. The 
works of Brahmagupta and Bhaskara have considerable interest in matters 
of detail, but do not differ fundamentally from the Surya Siddhdnta. Indeed, 
since the time of composition of this work there has been practically no alter¬ 
ation of • fundamental importance in the Hindu theory. 

At the present time there are three schools of astronomers: (i) The 
Saura-paksha, (ii) the Arya-paksha, (iii) the Brahma-paksha; and these only 
differ^ in matters of detail. For example, a distinctive feature is the length of the 
year ® employed. These are:— 

(i) Saura-paksha jea.T 366^ 6*' 12“ 36‘56’. (ii) Jrya-paksha year 365^ 6'* 12“ 30’. 
(iii) Brahma-paksha year 365^ 6“^ 12“ 30'915’. 

^ Really the difierentiatioii is a geographical one. The Siiri/a Siddhdnta is the standard authority 
in the greater part of India, but the first Afya-Siddhania is the authority in the Tamil and MalayS.lam 
countries of Southern India^ while Brahmagupta is followed in Gujarat, RSjputana and North-West india. 

® Theoiei ically, at least, the year is a sidereal one, but there is some vagueness, and there are no records 
of the methods by which the results were attained. See R. Sewell, The. Indian Calendar, pp. 7-10, 
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Hindu Star Lists. 

72. The determination of the position of the stars with exactitude does not 
.‘Seem to have interested the ancient Hindu astronomers.^ In early works the 
brief lists of stars with celestial co-ordinates given are generally in connexion 
with the path of the sun and moon through the nakshatras. In each nakshatra the 
position of a junction star or yogatdra was determined. The Pan^ha SiddMntika 
mentions seven of these while the Surya 8iMhdnta gives the position of 28, one 
for each nakshatra, and also of seven other stars. The Siddhdnta ^iromani and 
Brahma Siddhdnta mention only Canopus and Sirius. After these, such lists as 
Mahendra Suri’s (given in Appendix A) sometimes occur. 

2. The PaUcha SiddhdntiM record is as follows:— 

“ The yogatara of Kfittika is at the end of the sixth degree and three and a half 
haslas to the north of the ecliptic ; that of Bohini is at the end of the eighth 
degree, and five and a half liastas to the south of the ecliptic.” (XIV, 34) 
“ The two stars of Fnnaxvasu are at the eighth degree, and to the north and 
south of the ecliptic at an interval of eight ha^tas. The star of Pnshya is at 
the fourth degree, three and a half haslas to the north.” (36) 

“ Of Alesha the southern star is at the first degree one Jiasla (south); so also the 
northern star of Magha the conjunction takes place in its own field,® at the 
sixth degree. Of ChitrS, at seven mid a half degrees, thi’ee haslas to the south.”® 

The Surya Siddhdnta gives the positions of the chief stars of the nakshatras 
in terms of polar latitude and longitude.* The Sdrya Siddhdnta stars and their 
position are given in appendix A. 

Hindu Astronomical Instruments. 

73. The only instruments of practical utility for astronomical purposes 
described in ancient Hindu works are the sun-dial and clepsydra. An armillary 
: sphere is also described as an instrument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, consisting 
of a metal bowl floating in a vessel of water.® 

The following is a summary of those parts of the early Hindu texts that 
deal with astronomical instruments, (i) The Clepsydra or Water clock is referred 
to in the Jyotisha Veddhga, where the amount of water that measures a nddikd 
(=24 minutes) is given. The more ancient form of water clock appears to have 
been simply a vessel with a small orifice at the bottom, through which the 
water flowed in a nadihd,^ but later on there came into use the form described 
in the Sdrtja Siddhdnta (XIII, 23): “A copper vessel, with a hole in the bottom, 

1 Albiruiii writoH (II, 83); Th(‘ Mindyw arc very little iiiformi’cl regarding the Used T never 

eamo across any one of them who know the singk^ stars of the lunar stations from eyesight, and was able 
to point them out to mo with his fingers.” 

® i.e., on tho eclipfic. ' 

® Since 24 angula8=l Jtasta and the cliamotor of I ho moon was reckoned as 15 angulaSf and its mean 
diameter as 32 minutes (SS. TV, 1) wo have approximately 1 angula=s2' 8^ and 1 hasta^SV 12^ roughly; 
but possibly 1 angula was moEint to measure 2 minutes. Also 27 nakskatraff occupy 360® and one therefore 
occupies 13^ dogroes. 

* See also p. 8. 

® It is the only instrument described in tho JXn-i^Akbari (Ed. Jarret III, 16). 

• J. F. Fleet, The Ancimt JruUan Water Oloch, J.Tt.A.S., 1915, pp. 213-230. 
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set in a vessel of pure water,, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument.” The Panchd siddhantika description (XIV,. 
32) is similar, but adds “ Or else a nadika may be measured by the time 
in which sixty slokas, each consisting of sixty long syllables, can be read 
out.” 

A later description of the clepsydra is as follows : “ A copper vessel, weigh¬ 
ing 10 palas, six angulas in height and twice as much in breadth at the mouth 
—this vessel of the capacity of 60 palas of. water, and hemispherical in form, 
is called a ghati. The aforesaid copper vessel, bored with a needle made of 3^ 
mash as ^ of gold and 4 angulas long, gets filled in one nadika” 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. Bhaskara (XI, 8) indeed says : “ See how often it • 
is filled and falls to the bottom of the pail of water in which it is placed. 
Divide 60 ghatis of day and night by the quotient, and it will give the measure 
of the clepsydra.” 

(ii) The Gnomon. —The sun-dial described in the early treatises is of the 
simplest kind, consisting of a vertical rod, or gnomon, divided into 12 divisions. 
The descriptions are of a theoretical nature, and do not apply so much to the 
construction of instruments as to theoretical calculations. The PaUchasiddhdniika 
(XIV, 14-16) instructions are: “ Mark from the centre three times the end of 
the gnomon’s shadow, and then describe two fish figures. Thereupon describe 
a circle, taking for radius a string that is fastened to the point in which the 
two strings issuing from the heads of the fish figures intersect, and that is so 
long as to reach the three points marked. On the given day the shadow of 
the gnomon moves in that circle, and the base of the gnomon is the south- 
north line; and the interval, in the north direction, is the midday shadow.” 
(Ill, 1-7) This means, mark on any particular day the extremity of the shadow 
at three different times—and these three points are supposed to lie on a circle, the 
centre of which is found (in the usual way) by the so-called fish figures.® 

The Surya Siddkanta directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They are as follows :— 

“ (1) On a stony surface, made water level, or upon hard plaster, made level, there 
draw an even circle of a radius equal to any required number of digits of the 
gnomon. (2) At its centre set up the gnomon of twelve digits of the measure 
fixed upon; and, where the extremity ot its shadow touches the circle in the 
former and after parts of the day, (3) there, fixing two points upon the circle, 
and calling them the forenoon and afternoon points, draw midway between 
them, by means of a fish figure, a north and south line. (4) Midway between 
the north and south directions draw, by a fish figure, an east and west line ; 
and, in like manner, also by the fish figures, between the four cardinal directions, 
draw the intermediate directions. (6) Draw a circumscribing square, by TTiRnnn 


^ Lala Chhotte Lai’s Jyotiaha Vedanga, p. 12. 

2 ? About 56 grains froy. Fleet quotes another rule, which gives the weight os a mvarTia (= 16. 
Tndahaa), and length 4 aJngulaa, drawn out round or square. Bhaskara simply says (XI, 8) it “ should have 
a bole bored in its bottom.” 

^ Tlie * fish figure ’ is the common part of two intersecting circles 
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of the Jines going out from the centre: by the digits of its base lines projected 
upon that, is any given shadow reckoned. (6) The east and west line is called 
the prime vertical {mma-tmn^dla): it is likewise denominated the east and 
west hour circle {mman^ala), and the equinoctial circle {vishumn mtn(}cda). (7) 
Draw likewise an east and west line through the equinoctial’ shadow (vishuvcid- 
bha ); the interval between any given shadow and the line of the equinoctial 
shadow is denominated the measures of the amplitude ^ (agra).” 

(iii) Armillary Sphere. —The Siirya Siddhanta (xiii, 1-6 ) gives instructions 
' for the making of an elaborate armillary sphere;— 

(2) “Let the teacher, for the instruction of the pupil .(3) prepare the wonder 

working fabric of the terrestrial and stellar sphere {bhvblia. gola). Having 
fashioned an earth-globe of wood, of the desired size, (4) fix a stafi, passing 
through the midst of it and protruding at either side for Meru ; and likewise a couple 
of sustaining bands and the equinoctial circle; (6) those are to be made with 
graduated divisions {ailffula) of degrees of the circle {bliagava). Further, by 
moans of the several day-radii, as adapted to the scale established for those 
other circles, (G) and, by means of the degrees of declination and latitude marked 
off upon the latter, at their own respective distances in declination, according 
to the declination of Aries, etc,, (7) three bands are to be prepared and fastened: 
these answer also inversely for Cancer, etc. In the same manner, three for 
Libra, etc., answering also inversely for Capricorn, etc.: (8) and, situated in the 
southern hemisphere, are to be made and fastened to the two band-supporters. 
Those, likewise, of the asteiisms situated in the southern and northern hemi¬ 
spheres, of Abhijit, (£>) of the Seven Sages (Saplarskayas) of Agastya, of Brahma, 
etc., are to be fixed. Just in the midst of all the equinoctial bond is fixed. 
(10) Above the points of intersection of that and the supporting bands are 
the two solstices {ayana) and the two equinoxes (vishumL). From the place 
of the equinox, with the exact munbor of degrees, as proportioned to the whole 
circle, (11) fix by oblique chords, the spaces (kshelra) of Aries and the rest; 
and so, likewise, another band, running obliquely from solstice to solstice, (12) 
and called the circle of declination {hranli ): upon that the sun constantly revolves 
giving light: the moon and the other planets, also by their own nodes, which 
are situated in the ecliptic {apa maii4oiln), (13) being drawn away from it, are 
beheld at the limit of their removal in latitude {mkah&pa) from the corresponding 
point of declination. The orient ecliptic point (lagm) is that of the orient 
horizon; the Occident point {asUmgachhat) is similarly determined. (14) The 
meridian ecliptic point {madhyama) is as calculated by the equivalents in right 
ascension {hnkodayus), for mid heaven (hamadhya) above. The sine which is 
between the meridian and the horizon (jksMtija) is styled the day measure {emtya), 
(15) and the sine of the sun’s ascensional distance {oharadcUa) is to be recognised 
as the interval between the equator and the horizon. Having turned upward 
one’s own place, the circle of the horizon is midway of the sphere. (16) As 
covered with a casing {vaatra) and as left uncovered, it is the sphere surrounded 
by Lokaloka. By the application of water is made ascertainment of the revolu¬ 
tion of time. (17) One may construct a sphere instrument combined with 
quicksilver ; this is a mystery, if plainly described it would be generally intelligible 


^ Uistanoe of the sun at rising or setting from east or west point of the horizon. 
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to the world. (18) Therefore let th.e supreme sphere be constructed according' 
to the instruction of the preceptor. In each successive age, this construction, 
having become lost, (19) is by the sun’s favour again revealed to some one- 
or other at his pleasure.” 

(iv) Other Instruments —“ So also,” the text continues, “ one should construct instruments- 
(yantras) for the ascertainment of time. (20) When quite alone, one should apply 
quicksilver to the wonder causing instrument.^ By the gnomon (mnhu), staff 
{yashti) arc {dhanus),chole{chabra), instruments for taking the shadow of various 

Virnl ii .(21), By water instruments, the hemisphere {hapah), etc., hy the 

peacock, man, monkey, and by stringed sand receptacles, one may determine time 
accurately. (22) Quicksilver-holes, water, and cords, ropes and oil and water, 

mercury, and sand are used in these: these applications, too, are difficult.. .. 

(24) So also a dial {ncvrayantra) is good in daytime, and when the sun is clear. 
Suet is tte orthodox Hindu text relating to iustruments. Nothing of material 
value appears to have been added to these instructions until the methods of the Yammm 
were introduced, by Mahendra Suri and others ; but Bhaskara {Siddhanta Si/ro- 
mmi XI, 16) claims to have invented an instrument called Fhalaha Yantra, 
which, he says, is an “ excellent instrument, calculated to remove always the 
darkness of ignorance and is the delight of clever astronomers. This instru¬ 

ment is simply a board divided by horizontals into 90 equal parts. At the 
centre of the 30th graduation from the top a pin, or style, is placed perpendicular 
to the board, and round it a circle is drawn of radius=30 divisions, which is 
graduated in ghatis and degrees, and attached to the pin is an index arm 
(pattika). The instrument is suspended by a chain, and is used for observational 
purposes. It is in fact part of a very simple astrolabe. Bhaskara did not 
seem very pleased -with his instrument, for, he concludes (XI, 40) by saying 
“ But what does a Tnan of genius want with instruments, about which numerous 
works have treated 1 Let him only take a staff in his hand, and look at any 
object along it, casting his eye from its end to the top. There is nothing of 
which he will not then teU : its altitude, dimensions, etc.” This sums up, very 
well indeed, the attitude of Hindu astronomers. 

Muslim Astronomy. 

74 , The Muslim astronomers frankly acknowledged their indebtedness to 
Greek -writers. Indeed they were to some extent the direct successors of the 
Greeks in intellectual matters, and the historical problems of their astronomy 
are much less complicated than is the case with the Hindus. In the middle 
ages they were the foremost astronomers of the world. They accepted the 
fundamental features of the Ptolemaic system of the universe. They were aware 
of the precession of the equinoxes, and discovered the slight movement of the 
apogee of the sun, and also they perceived the variation in the obliquity of 
the ecliptic. They discussed the possibility of the earth rotating on its own 
axis, but gener ally rejected the theory. ____ 

1 See the SiddharOa Siromani xi 60-61. The instroment appears to be a perpetual motion maohine, 
wbioh. consists of a wheel -with’hoUow (ttangential) spokes which are fiUed with mercury. “The wheel 
thus filled win, when placed on an axis supported hy two posts, revolve of itself.” This is an old friend. 

* Compare the ‘Balance Khororie ou F6zaire’ described by Delambre Aatronomie du Moyen Age, p. 621, 
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They fully realised the necessity for methodical observation, and, in prac¬ 
tical astronomy, they excelled the Hindus and Europeans of their time.^ The 
first series of regular observations, with the aid of fairly accurate instruments, 
appears to have been made at Gondeshapur, in the south-west of Persia, in the 
first years of the ninth century of our era. During the Califiate of al-Ma’mun 
(A.D. 813—833), at the observatory at Baghdad, all the fundamental elements 
of the Almagest were verified—the obliquity of the ecliptic, the precession of 
the equinoxes, the length of the solar year, etc. A measurement of an arc 
of the meridian in the region of Palmyra was also carried out during the same 
period, and similar observations continued to be made throughout the Muslim 
world until the middle of the fifteenth century. The observatory at Cairo was 
founded in the tenth century, and the observations there were recorded in the 
‘ Hakimid Tables ’ (al-zij al-Hakimi). In Persia an observatory was founded, in 
A.D. 1074, at Nishapur, and there, in A.D. 1118, al-Khazini complied his ‘ Sanjaric 
Tables’ {al-zlj al-Sanjan). In 1259 a groat observatory was foimded at Maragha 
in North-West Persia, and there Na§ir al-Dln-Tusi (mentioned by Jai Singh), 
published his famous ‘ Ilkhanic Tables.’ ’ 

With Ulugh Beg, the grandson of Tamerlane, the study of scientific astro¬ 
nomy throughout the Islamic world ceased. He fomided a large observatory at 
Samarqand, to which ho summoned such renowned astronomers as Jamshid 
al-Kashi (mentioned by Jai Singh), Kadi Zade, al-Eumi, ‘Ali al-Qusji, and 
others. He undertook a complete revision of the catalogue of the stars—based 
upon direct observation—and himself wrote a preface to the tables, a few months 
before he perished by an assassin’s hand. Jai Singh professedly followed Ulugh 
Beg in his astronomical work. 

The names of many Muslim astronomers of the middle ages, such as Ibn 
Sina or Avicenna, al-Biruni, ‘Omar Khayyam and Averroes, are familiar to everybody. 

75. The practical view taken by the Muslim astronomers led to attempts 
to improve the instruments in use, and to the design of others. 

The Maiagha instraments. 

A brief description of the instruments used by Na.sir al-Din al-Tusi at the 
observatory at Maragha is available.® The theory of these instruments was 
probably known to Jai Singh (see p. 4). 

The Maragha instruments were— 

(1) A quadrant, or mural circle, constructed of wood, the radius of which 
was about 11 feet. The arc was of copper, 3 inches wide, and 
was graduated. At the centre was a copper pin, round which the 
alhidade (furnished with two sights) turned. The alhidade termi¬ 
nated in a point, and was moved by a cord passing over a puUey 
attached to the wall. 

^ It is related that the works of Aryabha-ta aii,<il Brahmagupta were introduced into Baghdad in 
the ninth oontury of our ora, and that these wqrks possibly had some influence in directing the soion- 
tifio study of astronomy by the Arabs; but the ‘ s^iirit ’ of the Arab astronomy is entirely different from 
that of the Hindu. 

® For an account of earlior instruments see al-Battani, Ojms astronomicum, lvi-lvu. Ed. C. A. NaUino* 
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(2) An armillary spliere of five circles, via., the ecHptic, coluie, great 

circle of latitude, the meridian, and the small circle of latitude. 
The ecliptic, meridian and small circle of latitude were graduated 
down to minutes, and the last mentioned was furnished with an 
alhidade, or sighter. A sighting tube appears to have been used 
on the alhidade (see figure 68). 

(3) A meridian circle of about 11 feet in diameter, furnished with an 

alhidade. 

(4) An equatorial circle fixed in the meridian. 

(6) Aq instrument for measuring the diameter of the sun or moon. This 
consisted of two sights fixed on a bar. The objective was pierced 
with a comparatively large hole, and was moveable along the bar, 
over appropriate graduations. Special discs (like camera stops) were 
used with the objective. 

(6) The instrument of two pillars. At the centre of a bar supported 

by two pillars a pin was fixed, round which revolved an alhidade, 
or sighter, 12 feet long. Vertically beneath this pin was another, 
to which was fastened a graduated bar, 17^ feet long, and along this 
bar the end of the sighter was free to run. This appears to have 
been a modification of Ptolemy’s parallactic rulers.^ 

(7) A large azimuth circle fixed on a pillar, traversed by two diameters 

directed to the four points of the compass. At the centre were fixed 
two vertical quadrants, furnished with alhidades, so that the alti¬ 
tudes and azimuths of two stars could be taken simultaneously.® 

(8) Sine and azimuth instrument. An azimuth circle, similar to the pre¬ 

ceding, but in place of the vertical quadrants were two bars, moving 
in a groove, and supported by two other bars perpendicular to 
them. 

(9) Similar to No. 6, but with the bars horizontal, for measuring azimuths. 
The notion of increasing the size of the instrument as far as possible has 

:already been referred to (page 36). It is perhaps to Abu‘l Wafa that we owe 
some of the immense instruments which the Arab works mention. With a 
quadrant of over 20 feet radius the obhquity of the echptic was observed in 
A.D. 996. The sextant of Abu M. al-Khojendi (C. A.D. 992) was of nearly sixty 
feet radius. In the tenth century the aperture dial was used, and Nagir-al-Din, 
by utilising a hole in the dome of a large building, obtained excellent results. 
According to Greaves the quadrant used by Ulugh Beg was 180 feet high.* 
The astrolabe,® the theory of which was due to Ptolemy, was improved 
by the Muslims, almost to perfection, and many of these mstruments were so 

1 The graduated bar, of oourse, measures the ohords of the arcs, and “as it was much easier to graduate 
a straight line than an arc, the triquetrum continued to be the favourite instnunont down to the end of the 
.sixteenth century.” (Dbbybb, p. 332.) This is the Zdi (d Sim' batuyn mentioned by Jai Singh (see page 12). 

* Nos. 7 and 8 are interesting to us, as being the same in principle os the Ram Tavira (see page 37). 

3 TJie ahcbshtathSa yantra is an aperture dial of this kind, 

♦ See L. P. E. A. S^dlillot, Froh Tab, Aair, d^Ouloug Beg, pp. Ixxx, xoviii, oxxixe 
® That is the flat astrolabe or AstrolaUum 'pLaniapMerum^ 
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beautifully made, as to become valuable works of art, as well as efficient 
calculating macbines, and useful instruments of observation. As a portable 
instrument of observation it was only superseded about A.D. 1731 by Hadley’s 
quadrant; for purposes of astrological calculations tie astrolabe is still in use in 
tbe East. The flat astrolabe has already been described in some detail, as also 
has al-Zarqalf s modification of it, and al-Biruni’s invention has also been referred 
to (p. 37). There is also the linear astrolabe, or ‘ asa ’Z (the rod of 

al-Tusi),^ called yasUi by the Hindus. G-reat ingenuity was exercised in devising 
improvements and variations of the astrolabe, and there are numerous Arabic and 
Persian works describing the theory and construction of the instrument. The 
term al-Asturlabi, as a name suffix, was not at all uncommon.^ 


European Astronomy. 

76. In Europe, after the death of Ptolemy in the second century of our' 
era, very little advance was made for a thousand years. The Christian church 
often opposed scientific enlightenment, and sometimes persecuted those who sought 
it; and the patristic writings contain the grossest of astronomical absurdities. 

But, about the thirteenth century, sounder opinions began to prevail, and 
in the early part of the sixteenth century Copernicus wrote his De Revolvtionihus 
OrUum CcBlestium. Tycho Brahe, Kepler, and Galilei preceded Jai Singh by about 
a century. Greenwich observatory was founded some forty years before that at. 
Delhi. Ne-wton’s Prindpia was written at the time of Jai Singh’s birth; Huygens ■ 
died a few years later ; Flamsteed’s catalogue of stars was first printed in 1688 ; 
Halley, in 1705, predicted the return of the comet named after him; the aber¬ 
ration of light was discovered in 1727. Jai Singh succeeded to the Amber 
territory in 1699, and the Delhi observatory was built about 1724. 

77. The European instruments, at the beginning of the seventeenth century, 
were, in principle, much the same as those used by the Greeks and Arabs. Tycho 
Brahe® (1546-1601) had several sextants and quadrants, a paraHacticum (see- 
p. 82), and armillary circles ; Hevelius (1611-1687) had a somewhat smaller battery 
of similar instruments; and Flamsteed (1646-1720) used a quadrant of 3 feet 
and a sextant of 6 feet radius. 

The telescope was used for the general observation of heavenly bodies in 
1609 by Galilei, and telescopic sights were first systematically used about A.D. 
1667. Gascoigne was probably the first {circa A.D. 1640) to introduce these, 
and he also invented a micrometer. Some twenty years later, Huygens devised, 
independently, the same contrivance. Hevelius introduced the vernier and tangent 
screw; Flamsteed used cross wires in the eye pieces of his sighters; Galilei 
had used a pendulum for short time measurements; Huygens devised a pendulum 
clock (1656), and Jean Picard (1620-1682) introduced regular time observations.. 

^ See Journal asiaUque, 9® S6r, 464/, etc. 

* ‘All b. al-AgJurlabi (9tb century), Fat^ b. Najiye al-Ag4urlfi,bi (born A.D. 941*«-<I2)' 

Hiba-t-iillah b. al-Husaiu al-Asturlabi (died A.D. 1139-40). 

* See DBHYflE’s Tychc Brahes xii, 316 flf. 
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at tke new observatory at Paris.^ J. D. Cassini (1625-1712), it is stated, devised 
schemes (never realised) for the construction of gigantic instruments.® 

78. The EKndus, Arabs and Europeans all derived the fundamentals of 
their astronomical science from the Greeks. It was the Hindus who first pro¬ 
fited by Greek experience, then the Arabs and lastly the Europeans. The 
last, indeed, obtained their knowledge of Greek astronomy primarily through the Arabs. 

The following chronological scheme exhibits fairly well the relationship 
between the three schools :— 


Gbeee 

AstroBom;. 



^ An excellent, although all too brief, account of European instruments is given in the History of 
Astronomy by G. Forbes, while Dreyer’s Tycho Brahe is the only adequate account of mediaeval astronomy 
(and instruments) in the English language. 

a A. Berry —A 8hort History of AstroMmy^ p. 160. 
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When we examine carefully the methods of the several schools we find 
somewhat marked difierences. Even among the Greek astronomers {e.g., Ptolemy 
himself) there was a distinct tendency to work on the observations recorded 
by their predecessors, and, in the later Greek schools, there was a consequent 
neglect of observational astronomy. With the Hindus this tendency was 
emphasised to a remarkable extent, and practical work was neglected almost 
completely. The instruments they describe are either! for purposes of, what may 
be termed, theoretical calculations, or for purposes of demonstration (see page 
78 ). They built no observatories and they made no systematic records of 
observations. 

The Arabs and other Muslim astronomers took an entirely different line. 
They recognised the value of practical observation; but they hardly suspected 
the need for a re-examination of the Greek theories. They built observatories 
and devised improvements in the instruments, and set about verifying and cor¬ 
recting Ptolemy’s elements. 

The European astronomers were, pernaps, not quite so bomid by tradition 
as were the Hindus and the Arabs. The death of the Ptolemaic theory and 
the invention of the telescope gave a great impetus to research, and the Euro- 
.pean astronomers largely discarded the methods of their predecessors. They 
recognised the inevitability of observational error, and devised means to 
counteract it; they were forced to consider, as of great importance, facility of 
observation, and gradually they devised instruments of types, unimaginable to 
■their .Arabic teachers. 



Chapter XIII.—THE EVOLUTION OF JAI SINGH’S INSTRUMENTS. 


79. The history of the evolution of Jai Singh’s astronomical instruments 
would, if it could he recorded, step by step, be of great interest; but detailed 
descriptions of the larger Arabic instruments are not generally available, and 
we must, for the present, be content with general indications of the lines of 
development. Generally speaMng, Jai Singh’s instruments are copies of, or direct 
developments from, those used by Ulugh Beg and his predecessors and suc¬ 
cessors. The flat astrolabe played an important part. Jai Singh’s first attempt 
at improvement was apparently the construction of huge astrolabes, such as 
those shown in figures 28 and 29, and the construction of large graduated circles. 
He had some excellent Arabic and Persian models (figures 5—20) but the metal 
instruments he had constructed do not appear to be of that fine workmanship 
that adds so much to the value of many of the medieval astrolabes. As far as 
can be gathered Jai Singh did not use the ordinary sextant and quadrant instruments, 
such as were used by Nasir al-Dm Tusi, Tycho Brahe, Flamsteed, and others. 

It has been related how he discarded brass instruments and pinned his 
faith on large immoveable masonry instruments; and some of these he claims 
to have devised himself. As has already been pointed out (pages 12,13), the 
basic idea was not peculiar to Jai Singh. The Arab, Persian and Tartar astro¬ 
nomers had constructed huge instruments; and they had formulated the notion,, 
that the only bar to accuracy of observation was the limit imposed by cir¬ 
cumstances on the size of the instruments. Jai Singh was prepared to carry 
out the idea, on which this proposition is based, to, what he thought, a. 
reasonable extent. 

80. The bases of the designs of the particular instruments are always 
obvious, but Jai Singh showed very considerable ingenuity in the actual con¬ 
structions. The Jai Prak56 is practically the hemisphere of Berosus, somewhat 
elaborated, and the Samrat Yantra may also be considered as evolved from that 
instrument. This only means, however, that the dial of Berosus was of a 
very general nature. It consisted of a hemispherical bowl, placed with its rim 
horizontal, and in the centre and in the same plane as the horizontal edge, was 
fijsed a bead, whose shadow on the concave surface of the hemisphere marked 
the trace of the sun’s diurnal path. The resemblance to the Jai Praka^ is 
striking enough, but it is doubtful whether Jai Singh had any knowledge of 
the earlier instrument: he could only have learnt of it from the Muslim 
astronomers (e.^., al-Battani, who refers to the principle of the instrument). The 
Jai PrakaA however, is something more than the bowl of Berosus, for it is 
fully graduated, and appears to have been based upon the Muslim instrument 
known as al-Masdtirafi, descriptions of which are found in the works of the- 
Muslim astronomers.^ 

1 See L. A. SAiiUot’a Memoirs mr lea inslrvmenta aatronomiquea dea Jrabea, p. 161f.; also a desoription by 
al-Barjen.Hj also Blagrave’s Art of DycOUng, 1600. One section of Blagcave’a book is—“ How to make a 
dyall on a concave hemispheare of a globe two severall Wales,” and the second way is that of the Jai Prakfid. 
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The Samrat Yantra might be considered as a section in the plane of the 
equator of the hemisphere of Berosus, and with the bead extended into a line 
parallel to the axis; but so could any dial be referred to the same origin. 
In the British Museum are many dials of the seventeenth and early 
eighteenth centuries constructed exactly on the same principle as the Samrat.^ 
The Samrat instrument is an equal hour instrument, or equinoctial, as such 
instruments are often called. The evolution of the equal hour instrument is of 
considerable interest. In early instruments the time from sumise to sunset is 
divided into 12 equal portions. These portions of time vary in length from 
one-twelfth of the longest day to one-twelfth of the shortest day. They were 
therefore called unequal hours, also temporal hours and planetary hours (see 
page 22). Of these varying hours, naturally, the equinoctial hours were the 
mean, and, on the introduction of mechanical clocks, the equinoctial hour became 
the standard for sun-time measurements. According to Delambre, Abdul Hasan 
(al-Hasaii b. ‘Ali b. ‘Omar al-Marrakoslu, Abu ‘All) was the first to introduce the con¬ 
stant hour notion among the Muslims; but he seems to have employed, in 
the usual manner, the horizontal plane for the shadow traces, while Jai Singh’s 
instrument receives the shadow of the inclined gnomon on a circular arc Ijdng 
in the plane of the equator, and, thereby, secures, in the simplest manner, equal 
hours throughout the year. The direct origin of the tangential scales on the 
gnomon, for measuring the declination of the sun, is not known; although Ibn 
Yunus, and other Muslim writers on astronomy, had worked oqt the theory.^ 
Hindu astronomers did not employ tangent scales, and refer to no other dial 
than the vertical gnomon, and to no other dial measurements than the length 
of the shadow. They made no direct angular measurements, and an angular 
dial would have been almost contrary to the spirit of their teaching.® The 
only other instruments that can be attributed to Jai Singh’s genius are the 
Digarhsa Yantra and Ham Yantra, but those are simply enlargements, in masonry- 
work, of the azimuth and combined azimuth and altitude instruments of the 
Mu.slim3. 

An indicator of the course of evolution of Jai Singh’s instruments is still 
ho be seen at Benares, on the instrument known as the Chakra Yantra. The 
wedge {faros or ‘ horse ’) which fastens the parts of this instrument together 
is of the traditional Arabic design. 


‘ a ilial miulci l>y Eliiw Allon aliout A.D. 1020; «, inoro okborato dial invoniod by John Taal 

KrauH and ongnivod by T. (<. (Uitwoiii; ono by Riigondiiw of AiigHbnrg, 17th ooutiiry j ono by Laurenz, Gviissl of 
AugHburg; etc., ot«. 

*■* liidwid ih(‘y work<5(l tho ooniploto th(u>ry of iho liori/Aitital, vcjriioul, inclined, oylmdrical and 
Gpnioal (iialM, etc. 

» ThiH iH a ouriouH point in the lustoi’y of flcicivoo. "Cho MinduB Boomod to avoid diroot angular 
nioasurpmcnlH. Th(‘U' inatlK'iniitioaJ worlcH contibin no theorems or ruleH relating to auglos (see my Indutn 
Malhrimtics, page 20). Whitney wrote (pago 250); “Lost it «eom Htraiigo that the llincliiB should have 
dcriYccl from abroad tho iiaruo {kona from ywv/flf) for ao familiar and olemontary a quantity as an anglOf 
wo would direct attention to the utriking fact, that in tliat Htagc of their mathomaticaJ science, at least, 
which ia represented by the Swrya 8iddliQ/nia^ they appear to have made no use whatever, in their oaloulations, 
of the angle.’* 




Chapter XIV.—CONCLUSION. 


81. A considerable amount of evidence showing the relationship between 
Jai Singh’s astronomical work and that of his predecessors and contemporaries 

has been recorded. Let us recapitulate. 

The names of the early astronomers and mathematicians referred to in- 

works attributed to Jai Singh are:— 


Euclid 

. Circa 

B.C. 290 

Hipparchus. 

• jj 

„ 130 

Ptolemy 

• JJ 

A.D. 160 

‘Abd-ul-Bafimanb. ‘Omar abu’l-lEJEusain al-Sufi 

. Died 

„ 986 

Nagir al-Dm al-Tuai. 

, Born 

„ 1201 

‘All b. Muhammad al-Sayyid al-Sbatl£ . 


„ 1339—1414 

Jamshid b Mes ‘ud Jijat al-Din al-Kaslu 

. Circa 

.. 1440 

Ulugh Beg. 

. Died 

„ 1449 

Maulana Chaud ...... 

. Circa 

„ 1550 


Of those who came actually into personal contact with Jai Singh the follow¬ 
ing have been mentioned: Jagannath, Muhammad Sharif, Muhammad Mahdi,- 
Padre Manuel Figueredo, Father Andr4 Strobel, and his companion, Father Claude 
Boudier, and Don Pedro de Sylva. 

We know that Jai Singh possessed at least some of works of Ptolemy, 
Ulugh Beg, P. de la Hire, J. Flamsteed, and also certain European astrono¬ 
mical tables and mathematical text-books. He had Ptolemy’s Almagest 
translated into Sanskrit, and a text on the astrolabe compiled, and he 
brought up to date Ulugh Beg’s celebrated catalogue of stars. The instruments 
themselves are evolved from the types used by the Muslims, and Jai Singh’s 
inspiration was avowedly of Muslim origin. 

82. The actual points of contact between Jai Singh’s astronomical work 
and that of his predecessors and contemporaries have been generally indicated. 
Jai Si^gh himself was a Bindu and had Hindu assistants, the most notable being 
Jagannath, who, however, it seems, was employed, because of his knowledge of 
Arabic—a somewhat unusual qualification among the Pandits of the day,^ 
He refers to one Hindu astronomer by name (see page 11), who was, however, 
renowned because of his knowledge of G-reek methods. Jai Singh was, no doubt, 
well acquainted with the works of the Hindu astronomers, but he does not seem 
to have made much direct use of them. 

Jai Singh had certain Muhammadan assistants (see page 6), he was 
acquainted with the chief astronomical works of the Muslims, he brought one of 
their star cat-ilogues up to date, and he copied the instruments of the observatory 

1 There is a tale that Jai Singh was reproached with the statement that the Pandits, who pretended 
to great learning, were entirely ignorant of Arabic scholarship and he produced Jagannath, who trans¬ 
lated from the Arabic the two great works—Euclid’s Elementa and Ptolemy’s AlmageaL See Sudhskara 
Dvivedi’s Qanakitaivqini^ p, 102 f. 
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at Samarqand. His masonry instruments were designed after the notions taught 
by the Muslim astronomers (page 13), and had absolutely nothing in common 
with those described in Hindu works. 

The contact with European astronomical knowledge may not have been 
really close, but it was very definite. Jai Singh sent certain of his assistants to 
Europe to get books and information; he invited European priests to visit 
him, and he obtained European tables. There is evidence, however, that hi& 
contact with European knowledge was more formal than intimate. 

83. We may leave out for the moment the question of European influence, 
as Jai Singh was really only on the border line of that influence, and consider 
the Hindu and Arabic schools. The characteristic difference between these is 
connected with practical worlc. The Hindus were practical astronomers, only 
in HO far as they could calculate, from a given starting point with given rules, 
the positions of the planets, eclipses, etc., with some accuracy. This, of course, 
implies a very considerable amount of knowledge and skill; but the Hindus 
had no instruments of precision of their own before Jai Singh*s time; neither 
were they interested in making practical observations of the heavenly bodies. 
Their rules and Uho elements given in their approved works sulficed them. 
The standpoint of the Arabs was entirely different: ^ they were particularly 
interested in the verification and correction of previously recorded results. They 
built what were then the finest observatories in the world, and they perfeeted 
the astrolabe to an extraordinary degree. 

The difference between the two schools is too well Imown to need elabo¬ 
ration ; and the category into which Jai Singh’s work places itself is perfectly 
clearly indicated; and the hypothesis that he received his main astronomical 
inspiration from Hindu tradition is completely eliminated. He followed “ the 
martyr prince, Mirza Ulugh Beg” of Samarqand. Since both the Hindus and 
Arabs obtained their astronomy from the Greeks, they have much in common, 
but the work of Jai Singh was exactly of that nature which differentiates 
between the two schools; and, what the Muslim astronomers had, and, what 
Hindus lacked, attracted Jai Singh. In his work there is no point of contact 
with Hindu astronomy that did not also toucli the work of the Muslims, while, 
on the other hand, there are many points of contact between his work and Muslim 
astronomy that are remote from the teaching of the Hindu schools. 

Jai Singh’s apparent indifference to European achievements is rather re¬ 
markable ; but, it must be borne in mind that, he, very probably, only became 
acquainted with their results after he had conceived, and partially carried out, 
his scheme of astronomical research. His tables, it is supposed, were completed 
about A.D. 1728, and the observatory at Delhi had been built a few years 
previously. It was in 1728 or 1729 that Jai Singh sent Padre Manuel and 
others to Europe, and in 1734 he was visited by Father Boudier and his com¬ 
panion. These dates might be considered sufficient to account for Jai Singh’s 
neglect of the European discoveries, but there is possibly another explanation. 


^ Tho differentiation between the two schools may be, to some esetenfc, due to the oalendare adopted 
for religioua purposes* 


0 


I 



90 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


Oalilei died a prisoner of the Inquisition in 1642, and his books were not 
removed from the Index until A.D. 1836 : Jai Singh’s European advisers appear 
to have been chiefly priests, who, if they were good Catholics,^ would, at that time, 
have hardly upheld the teaching of Copernicus, Kepler and Galilei! More 
recent European discoveries might thus have been discredited in Jai Singh’s 
eyes, nrifl he would, at any rate, have found it dififlcult to reconcile the persecution 
by authority, on the one side, with the claim to brilliant scientific discoveries, on 
the other. 

84. Jai Singh began his work at a time when European astronomers had 
arrived at, what may be termed, the modern conception of the universe. The 
discoveries of Copernicus, Kepler, Galilei and Newton had been accepted, and 
scientists were settling down to work out, in detail, the results of their dis¬ 
coveries. Flamsteed’s great catalogue was completed just as Jai Singh began 
his work. But Jai Singh was not in close contact with European ideas, and 
his first astronomical education was probably the study of the work of the 
Muslim astronomers, particularly Ulugh Beg. In the special circumstances of 
his experience, it is not surprising that Jai Singh refused to follow the lines 
of research indicated by the European astronomers. Had he done so, his power 
and his wealth might have enabled him to alter the whole condition of Indian 
scientific scholarship, and, instead of his labours ending with his death, when 
“ science expired on his funeral pyre,” there might have been established a 
living school of research. The troubled condition of the country, and the general 
state of civilization in it, were antagonistic to the progress of science, and Jai 
Singh’s work is now only a tradition, and his observatories are archseological 
remains. 

That Jai Singh made no new astronomical discoveries is hardly a fair 
criterion of the value of his work; for, indeed, a great deal of the most valuable 
astronomical work is not concerned with new discoveries. His avowed object 
was the rectification of the calendar, the prediction of eclipses, and so on— 
work which entails a great deal of labour, and generally shows no remarkable 
achievement. Considering the state of the country in which Jai Singh lived, the 
political anarchy of his time, the ignorance of his contemporaries, and the difficulties 
in the way of transmission of knowledge, his scheme of astronomical work was 
a notable one, and his observatories stiU form noble monuments of a remarkable 
personality. 

^ Condemnation of the correct teaching waa not confined to the Eoman Catholic Church, See be Moeoan’s 
A Mdgei of Faradoxea, m which numerous works opposing the * Newtonian theory ’ are quoted. 
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EXTRACTS from the Jaipur catalogue. 


Right asobnsion m 

Longitude. Latitude. jo^gSdo. Ghatis and 

minutoa. 


Doacriptioii as in tho MR. 


0ONSTTilTX^\.TION OU* THE LITTLE j 

Bear 7 Stars. i 


Bo / o/ Bo/- 0/ 


Star on tho odgo of the Boar's taU 2 24 28 60 27 N 13 17 0 87 0 N 348 0 


Second star on ih<i tail, next to 2 20 33 70 0 Q 21 10 85 10 

it. 


203 0 


Third star on the tail, next to 3 5 3 73 46 8 26 10 82 0 

it. 


286 () 


Star on tho left hind foot: 2 3 21 21 75 30 8 0 0 78 30 247 0 41 10 

stars on tho Coro-log, uno to 
Lho right of tlu) other. 

Star on tho right hind f(Jot, one 3 28 28 78 0 8 11 15 70 6 240 30 41 35 

to the north. 

Star on tho loft fore-log, to tho 4 9 33 73 0 7 17 0 75 0 224 30 37 25 

south. 

Star on tho right paw to tho 4 18 3 76 9 7 25 0 73 45 232 30 38 46 

north. 

Straight to tho south from tho 4 5 3 71 45 7 14 15 70 30 N 221 40 36 57 

Bovonth star. 


II Constellation of the 
GREAT Bear. 

On tho tip of tho noso of tho 
Boar. 


3 19 3 40 16N 3 28 30 62 ON 12(1)0 


Pirst star in tho oyo of tho Bear 3 19 67 43 48 4 1 50 06 10 124 30 


Second star in tho oyo of tho 
Boor. 


3 20 42 43 45 


4 3 0 65 6 


Two stars on tho forehead : tho 
first of them. 


3 20 33 47 54 4 7 0 09 0 


130 0 


Second star on tho forehead 
Star on tho oar 


3 21 61 47 61 4 8 40 68 60 

3 22 33 51 18 4 14 50 72 0 


131 40 


137 0 


Two stars on tho nook, tho first 
of them. 


3 23 51 44 42 4 8 30 | 65 0 


131 30 


Second star on tho nook . 

Two stars on tho chest, tho one 
to the south. 


3 26 67 44 64 4 13 0 64 30 

4 6 27 • 38 0 4 19 30 66 30 


136 0 
142 45 


On tho ohost, to the north 

Two stars on the knee of the 
fore-log: the one to the 
south. 


4 2 30 42 39 4 20 20 60 30 

4 3 30 34 45 4 15 15 62 45 


143 30 
138 0 


3 

4 

4 

4 

6 

2 

3 

4 

4 

6 

5 

5 

6 
6 
4 

4 

4 

4 

3 


Magnitude. 
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ASTRONOMICAIi OBSERVATORIES OF JAI SINGH. 

A 1. EXTRACTS PROM THE JAIPUR CATALOGUE— COUCluded, 


No. Description os in the MS. 

12, Two stars on the paw of the 
hind leg; the one to the 
north. 

##***#*# 

1. Large brilliant star between 
the feet. 

VL CONSTEIiLATION OP THB 

Ceown. 

1. Very brilliant 

2. Further than this . 

3. Above the second to the north . 

4. The third, to the north of this . 

6, Near to the great star to the 
south. 

6. Near this, a little to the north . 

7. Near to the sixth, to the north . 

8. Near to number 7 . 

Vn. Heboulbs. 

1. On the forehead 

2. On the right shoulder 

3. On the right arm 

4. On the right side 

6. On the left shoulder 

6. On the left arm 

7. On the left side 

8. In the left palm : three of these 

to the oast. 

0. Of the remaining two, the one 
to the north. 

1Q, Of these, the one to the south. 


Longitude. 

So / 

3 29 3 


6 20 39 


7 8 38 
7 5 48 
7 6 18 
7 7 48 
7 10 26 

7 12 54 
7 15 3 

7 14 39 

8 12 3 
7 27 68 
7 24 64 

7 21 67 

8 10 27 
8 16 45 
8 22 21 
8 28 64 

8 26 33 

8 25 3 



29 21 N 

31 18 N 

40 30 N 
46 24 

48 21 
50 45 
44 27 

44 42 

46 0 

49 30 N 

37 9 N 
42 54 
39 27 
37 0 

47 45 
49 16 

61 48 

62 21 

63 39 
62 39 N 


So' o' 

4 26 30 44 6 N 

7 3 0 21 ON 

7 24 0 28 ON 

7 22 0 30 16 

7 22 40 32 6 

7 26 0 33 15 

7 26 0 27 0 

7 26 30 27 0 

7 28 30 28 0 

8 0 0 31 ON 

8 16 30 14 30 N 

8 6 0 22 0 
8 3 10 19 0 

8 0 26 17 30 

8 16 0 25 0 

8 20 0 21 * 6 

8 26 0 28 0 

8 28 60 28 30 

8 27 60 30 0 

8 26 45 28 60 


149 30 24 6 3 

210 0 36 0 1 

231 0 38 30 2 

229 6 38 11 4 

229 60 38 18 4 

233 15 38 63 6 

232 16 38 43 4 

233 60 38 68 4 

236 0 39 20 4 

237 30 30 36 4 

264 30 42 26 3 

244 30 40 46 3 

241 0 40 10 1 3 

238 0 39 40 I 4 

264 60 42 28 3 

269 0 43 10 6 

264 0 44 3 4 

268 30 44 46 4 

267 30 ' 44 36 4 

266 15 44 23 3 


•T 27 
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Th.e above extracts (Al) sbow the form, of the Jaipur catalogue, but omit two columns 
headed, respectively PdTsl Num and Sithdu Nd/n, as these two columns are mostly 
blank [see figures 1 and 4]. The essential parts of the catalogue, which are given below 
(Appendix Al'l), are the longitudes, latitudes and magnitudes, the other columns 
consisting only of derived elements. The verbal descriptions of the stars are simply 
translations from Ulugh Beg’s Catalogue, and the names of the constellations and stars, 
when given, are mostly transliterations or translations of western names, e.g. Sarpa 
(Draco), Kaika-us (Cepheus), Silayak (Lyra, Ar. Shili’ak), Var^ava (Perseus), 
Dalphaina (Delphinus), Trikona (Triangulum), Jawara (Orion, Ai. Jauza), Kaitus 
(Cetus), Nauka (Navis), Muohchhi Yanuvi (Piscis Australis), Asva mukha (Pam 
al-Faras), Makara Puchchha (Danab al-Jadi), Iklila (Corona Borealis, Ar. al-iklfi), Jat 
ul-Kurasi (Cassiopeia, Ar. Zat al-Kursi), Amava (Lepus), etc., etc. For the unclassed 
stars (w/omatoe) the expression KMriju (Ar. Kharij) svmti (Ar. Surat) is used. 
The term gucJichJia (‘ a cluster ’) is employed to denote a nebula. 

In the following table (A I'l) an asterisk * indicates that there is a discrepancy 
between Jai Singh’s values and those in Baily’s version of Ulugh Bog’s Catalogue 
{Mmwirs of tlie Royal Astronomical Society, 1843). In the case of the longitudes, any 
difference noted is between Jai Singh’s figures and Baily’s with 4° 8' added, this being 
the amount of precession that had accumulated between the periods of the two catalogues 
(see page 8). 

A table (A 1-2) of differences is added. These are mostly small and do not amount 
to two per cent, of the whole, and many are obviously copying mistakes.^ There are 
indications that the MS. was copied from another Devanagari MS., wliich, in its turn, 
was copied from one in Persian script. There are numerous examples of what appear 
to bo the result of confusion between the ahjad symbols (see page 133) for 3 and 8,4 and 
7, tons and thirties, tons and fifties, which confusion is caused by the omission of the dots 
in the MSS. There are also apparent examples of confusion between the DevanS-gari 
symbols for one and two. Niunbers 360 and 361 appear to have been interchanged ; 
in 683 Jai Singh’s latitude is right, for Baily’s value is an emendabion. Number 1008 in 
Baily is omitted (see Baily’s note) and the numbers 1009-1019 in Baily correspond to 
Jai Singh’s numbers 1008-1018. 

^ The M»S. iH a good ouo : that is, it is li'giblc, and was evidently done with care. It is writton on country 
paper, 8-3 X12 iiieboH, in Dovanagari eharacterH. The copy was made in Samvat 1064. 
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A. I'l. The Jaipur Catalogue—^Longitudes, Latitudes and Magnitudes. 


(This is UlugL Beg’s Catalogue with 4° 8' added to the longitudes.) 


No. 

No. b 

Bayer's 

Class. 

Longitude. 

Latitude. 1] 

[ag. 


No. 

No. 

Bayer. 

Longitude. 

lAtltudo. A 

lag. 

1 

- i- 

Jrsi 

* Minor 

[Laghu JBalu) 


28 

20 

\ 

s 

4 

o 

15 

18* 

o 

29 

/ 

46 N. 

3 



’ 

S “ 


0 

' 



29 

21 


4 (4)7* 16 

28 

42 

3 

1 

1 

a 

2 24 

23* 

66 

27 N. 

3 


30 

22 

'P 

4 

24 

64 

35 

16 

3 

2 

2 

s 

2 20 

33 

70 

0 

4 


31 

23 

V 

6 

4 

16 

26 

0 

3 

3 

3 

€ 

3 6 

3 

73 

45 

4 


32 

24 

$ 

6 

4 

33 

24 

45 

3 

4 

4 


3 21 

21 

76 

36 

4 


33 

25 

€ 

6 

4 

39 

64 

9 

2 

6 

6 

V 

3 28 

23 

78 

0 

6 


34 

26 


6 

12 

12 

56 

12 

2 

■ 

6 

/8 

4 9 

33 

73 

0 

2 


36 

27 

V 

6 

23 

18 

54 

9N, 

2 

7 

7 

7 

4 18 

3 

76 

ON. 

3 


















Informatae 






Informatae 





36 

1 


6 

21 

3 

40 

16 N. 

3 

8 

B 

m 





4* 

■ 

37 

2 


6 

14 

12 

40 

39 

oo 

6 

A 









38 

3 


4 

8 

9 

17 

oo 


Ursa Major 

{^apto^shayal 

0 

39 

4 


4 

6 

45 

19 

42 

4 

9 

1 

0 

3 19 

3 

40 

16 N. 

4 

■ 

40 

5 


4 

9 

48 

20 

18 

4 

10 

2 

A 

3 19 

57* 

43 

48 

5 

■ 

41 

6 


4 

9 

18 

23 

46 

4 

11 

3 


3 20 

42 

43 

46 

5 

■ 

42 

7 


4t 3 

39 

20’* 

16 

6 

12 

4 


3 20 

33 

47 

64 

6 

■ 

43 

8 


3 

23 

39 

23 

ON. 

6 

13 

5 

O’® 

3 21 

61 

47 

51 

6 
















Draco 


(Sarpa) 



1 A 

ft 



33 

61 

44 

18 

6 

4 




nw 






16 

D 

7 

T 

3 23 

61 

42 


44 

1 

9- 

7 

21 

39 

76 

16 N. 

6 

16 

8 

h 

3 20 

67 

44 

64 

4 


45 

2 

V 

8 

0 

48 

78 

21 

4 

17 

9 

0 

4 6 

27 

38 

0 

4 


46 

3 


8 

7 

9 

76 

30 

3 

18 

10 

V 

4 2 

39 

42 

39 

4 


47 

4 


8 

23 

3 

80 

0 

4 

19 

11 

9 

4 3 

30 

34 

46 

3 


48 

5 

y 

8 

26 

3 

76 

0 

3 

20 

12 

1 

3 29 

3 

29 

21 

3 


49 

6 

h 

9 

19 

68* 

82 

9 

6 

21 

13 

K 

3 29 

61 

29 

0 

3 


60 

7 

C 

9 

28 

18 

78 

15 

5 

22 

14 

e 

3 29 

24 

36 

0 

6 


51 

8 

d 

9 

24 

48 

80 

30* 

6 

23 

15 

f 

3 29 

33 

33 

21 

5 


62 

9 

0 

10 

14 

48 

81 

24 

6 

21 

16 

a 

4 11 

33 

49 

24 ■ 

2 


63 

10 

i 

7T 

0 

11* 9 

81 

46 

3 

25 

17 

/3 

4 16 

46 

46 

9 

3 


64 

1 

11 

8 

0 

14 

21 

83 

0 

4 

26 

18 

S 

i 27 

33 

61 

30 

3 


65 

12 

e 

0 

29 

18 

79 

9 

4 

27 

19 

y 

4 26 

39 

47 

16 

3 


66 

13 

p 

0 

17 

30 

77 

36 

6 
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71 28 

72 20 

73 30 

74 31 


V 1 17 3 

T 1 20 42 

S 8 21 

X 2 10 3 

2 6 30 

f 4 IS 48 

0) 4 4 33 

g 6 2 9 

0 i 39 

^ 6 28 42 

17 6 11 3 

0 6 12 4S 

8 6 1 07 

i 6 1 33 

a 5 4 42 

K 4 12 45 

X 4 0 33 


7] 0 

e 6 


80 30*N. 
82 0 

80 65* 
84 12 

83 24 

84 42 
87 16 
86 46 

81 67 

84 0 

86 15 
78 57 
74 30 
71 27 
65 21 

60 27 

61 64 

67 9 N. 


Cepheus {Kaikakus) 



75 1 /Cl 29 3 

70 2 y I 26 39 

77 3 iS 1 I 46 

78 4 a 0 8 42 

79 6 7; 0 0 33 


80 6 


0 1 38 


81 7 ^ 0 20 18 


82 8 
83 9 


0 20 12 
0 10 3 


84 10 £ 10* 11 0 

85 11 X 0 13 3 


Informatae 


76 46 N. 
64 30 
71 15 
68 36 
71 33 
73 61 
66 45 
62 30 
60 0 
61 16 
61 42 



S ° ' 

o / 


0 13 33 

69 30 N. 


Bootes 


88 1 /C 

89 2 i 

90 S 0 

91 4 X 

92 6 y 

93 0 /3 

94 7 8 

95 8 ju. 

96 9 


(AwapumsAa) 


5 20 3 

6 27 61 

5 29 12 

6 3 3 

6 14 3 

0 20 33 
0 29 26* 
6 29 64 
0 29 12 



10 


7 

1 

46 

11 

X 

7 

2 

39 

12 

c 

7 

2 

3 

13 

V' 

7 

0 

64 

14 

b 

7 

1 

3 

16 

0> 

7 

1 

36 

30 

6 

0 

25 

0 

17 

(T 

6 

20 

24 

18 

P 

6 

IS 

48 

19 


(3 

29 

27 

20 

V 

0 

16 

51 

21 

T 

6 

14 

9 

22 

V 

6 

15 

27 


68 46 N. 
68 51 
60 33 
54 46 
49 24 
54 27 
49 0 

63 27 
67 15 
46 27 
46 48 
41 46 

41 21 

42 48 

40 42 
40 48 
42 9 

42 3 

28 0 
28 0 
26 46 
26 ON. 


Infoi^atae 





6 20 39 


31 18 N. 


Corona Borealis {Ihalila) 





1 SS"* 

44 SON. 

2 

) 48 

46 2i 

4 

) 18 

00 

4 

f 48 

SO 45 

6 
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Hercules 


{Jasi) 


148 1 a 9 12 27 


149 2 


9 15 3 


9 V 

10 ^ 

11 t 


8 

12 

3 

27* 

9: 

7 

27 

48 

42 

64 

7 

24 

64 

39 

27 

2* 

21 

67 

37 

0 

8 

10 

27 

47 

46 

8 

16 

46 

49 

15 

8 

22 

21 

61 

48 

8 

28 

54 

62 

21 

8 

26 

63 

63 

39 

8 

25 

3 

62 

39 

7 

28 

18 

63 

9 


16 'IT 

10 e 

17 p 

18 6 


8 

4 

33 

63 

30 

8 

5 

16 

56 

46 

8 

6 

16* 

68 

36 

8 

8 

54 

69 

61 

8 

10 

9 

fl(0) 16 

8 

12 

0 

60 

12 

8 

24 

48 

60 

61 

8 

17 

3 

69 

16 

8 

8 

21 

70 

12 

8 

9 

67 

71 

18 


22 Z 

23 yj 

24 o- 

26 T 

26 (f> 

27 V 


8 13 18 
7 26 3 

7 19 39 
7 10 64 
7 8 46 

7 6 33 

7 6 0 


72 0 

60 30 
63 9 

66 48 

63 48 

64 30 
60 16 N. 


160 3 £ 9 16* 18 

161 4 9 19 3 

162 6 7} d 27 18 

163 6 0 9 27 39 

164 7 jS 9 16 33 

166 8 9 16 8* 

166 9 y 9 19 16 

167 10 \ 9 19 21 


62 ON. 
62 30 
6(0) 16* 

59 48 

60 48 
69 30 
60 21 
55 15 
55 24 
64 36 



Cygnus {Jdyara) 


.68 1 
l69 2 

L0O 3 
L61 4 

L62 6 

L63 6 

L64 7 

166 6 

166 9 

167 10 

168 11 

I 

169 12 

170 13 

171 14 

172 15 

173 16 

174 17 


jS 9 28 33 

(f> 1(0) 2 18 

7} 10 9 24 

y 10 22 36 
a 11 2 64 

B 10 13 16 
6 10 16 33 

10 16 3 

K 10 12 48 
€ 10 24 12 

X 10 26 24 
^ 10 29 61 

V ll 2 39 
^ 11 7 42 

10 25 36 
10 26 16 
0^ 11 6 18 


49 12 N. 

50 39 

64 30 
57 61 
69 42 
64 30 
69 42* 
71 6 

74 0 

49 18 
52 0 

43 0 

66 0 
66 42 

63 27 

64 27* 
64 21 N. 
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Ho. Ho. Bayei. Longitude. 


Letltudo. Hag. 


Informatae 



176 
176 2 



Cassiopeia 


{Jatulhurasl) 



177 

1 

C 

1 

2 

36 

43 

46 N. 

4 

178 

2 

a 

1 

4 

33 

46 

0 

3 

170 

3 

V 

1 

7 

18 

46 

30 

4 

180 

1 

4 

y 

1 

10 

33 

48 

30 

3 

1 

181 1 

5 

8 

1 

14 

27 

45 

45 

3 

182 1 

0 

€ 

1 

21 

33 

40 

51 

4 

183 

7 


1 

24 

54 

47 

30 

4 

184. 

8 

e 

1 

7 

45 

1 44 

30 

4 

185 1 

0 

<!> 

1 

11 

54 

44 

48 

C 

186 

10 

or 

0 

20 

15 

49 

30 

6 

187 

n 

K 

1 

9 

33 

61 

42 

4 

188 

12 


1 

2 

9 

50 

48 

3 

180 

13 

P 

0 

27 

48 

51 

ON. 

0 



206 

16 

0 


8 

64 

28 

61 N. 

200 

17 


2 

6 

24 

28 

36 

207 

18 

c 

2 

6 

18 

26 

36 

208 

19 

. ^ 

2 

7 

42 

26 

19 

209 

20 

■ d 

2 

8 

18 

24 

46 

210 

21 


2 

10 

16 

18 

64 

211 

22 

V 

2 

0 

36 

21 

48 

212 

23 

€ 

2 

2 

39 

18 

54 

213 

24 


2 

1 

45 

14 

33 

214 

25 

0 

1 

28 

32 

11 

30 

215 

20 


2 

0 

33 

10 

45 N. 


InfoiynatcB 



Auriga {Mamarak ul azmai) 
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No. I No. I Boyer. | Longitude. 1 lAtitndc. 


i34 3 

236 4 

236 6 

237 6 

238 7 

239 8 

240 9 

241 10 

242 11 

243 12 

244 13 

246 14 

246 16 

247 16 

248 17 

249 18 

250 19 

261 20 
252 21 

263 22 

264 23 

265 24 


S “ ' 

y 8 22 67 

(, 8 6 33 

K 8 7 48 

X 8 2 2] 

8 7 28 33 

e 7 29 51 

jUt 8 20 24 

V 8 26 27 

T 8 27 16 

T) 8 14 45 


b 8 

C® 8 


Informatae 


266 

1 

267 

2 

268 

3 

259 

4 

260 

5 


26 36 N. 
32 33 
82* 0 
23 48 
17 16 
16 24 
14 46 

13 16 

14 36 
6 46 


8 

17 

12 

1 

48 

8 

16 

48 

3 

9N* 

8 

17 

61 

2 

9N.* 

8 

18 

27 

0 

18 S. 

8 

19 

3 

0 

12 

8 

20 

27 

1 

30 

8 

6 

18 

11 

45 


6 30 
3 18 
1 46 
0 39 N. 
0 46 S. 


8 26 48 

8 26 44* 

8 27 12 

8 28 21 

8 29 9 

28 9 JN- 

26 15 

24 45 

26 0 

32 21 N. 




Serpens [Mdya) 


7 13 9 

7 16 61 

7 17 42 

37 46 N. 

39 42 

36 12 




264 4 

266 6 
266 6 

267 7 

268 8 

269 9 

270 10 

271 11 

272 12 

273 13 

274 14 
276 16 

276 16 

277 17 


P 7 16 21 

K 7 15 33 

TT 7 17 16 

8 7 16 33 

X 7 18 36 

a 7 18 33 

€ 7 20 48 

ft, 7 22 33 

8 2 48 I 

V 8 16 33 

^ 8 20 48 

o 8 21 8* 

^ 8 27 30 

-, 9 2 42 


278 18 6! 0 12 16 


34 16 N. 
37 0 

42 0 

28 46 
26 39 
26 48 
24 27 
16 16 
13 12 
10 21 
8 6 
10 36 

19 21 

20 18 
26 66*N. 


Sagitta (Sahama) 


y 

10 

3 

67 

39 

16 N. 

C 

10 

1 

42 

39 

9 

8 

1 

jio 

0 

33 

38 

45 

a 

1 

1 0 

28 

48 

38 

30 

/S 

9 

28 

9 

38 

12 N. 


284 1 T 10 1 39 

285 2 yS 9 29 33 

286 3 a 9 28 18 

287 4 9 29 0 

288 5 y 9 27 21 

289 6 ^ 10 0 33 

290 7 /L 9 23 12 

291 8 O- 9 24 3 

292 9 £ 9 16 39 


26 64 N. 6 

26 45 3 

29 16 2 

28 33 6 

31 9* 3 

31 9 6 

28 30 6 

26 30 6 

36 16 N. 3 
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Equuleus (A^va mnkha) 


1 a 10 19 30 

2 ^ 10 21 0 

.3 y 10 19 64 

4 8 10 20 48 


Pegasus {Vrifiacl u^va hhamda) 



333 1 8 0 18 36 

334 2 TT 0 19 64 

336 3 e 0 18 3 

336 4 cr 0 17 30 

337 6 0 0 17 24 

338 6 jo 0 18 48 

330 7 l 0 12 42 

340 8 K 0 13 30 

341 9 X 0 16 0 

342 10 ^ 0 17 33 

343 11 0 10 18 



0 

10 

3C 

25 

21 N. 

y 

0 

5 

30 

12 

24 

/S 

11 

25 

45 

30 

51 

a 

11 

20 

3 

10 

0 

V 

11 

28 

3 

24 

I 

1 

48 


343 11 0 10 18 

344 12 /So 27 21 

346 13 ju, '0 26 6 

346 14 V 0 26 9 

347 1 6 y 1 10 39 


347 1 6 

348 16 


1 10 39 
1 11 3 


340 17 

360 18 



24 ON. 
26 6* 
22 24 

30 46 
32 21* 

31 30 

41 0 

41 49 
43 24 
17 18 
16 36 
26 36 
29 30 

32 30 
2? c-i 
36 30 


36 a 
28 39 
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351 19 r 

352 20 ^ 

363 21 A 

364 22 X 

355 23 


Triangulum {MusaladMJcoiiiamurtfih) 


Aries (Mesha) 


300* 1 y 1 1 66* 

361* 2 /S 1 0 21 

302 3 Tj 1 4 36 

303 4 0 16 6 


364 5 


10 9 


305 6 1/ 1 11 3 
300 7 el 14 39 

367 8 S 1 18 3 

308 9 ^ 1 19 3 

369 10 1 20 39 


370 11 


1 12 42 


371 12 o" 1 11 48 


372 13 


1 9 3 


7 61* N. 3 

0 36* 3 

7 9 6 

5 10* 6 

5 6 6 

5 45 0 

3 12 5 

1 39 4 

2 30 4 

1 39 4 

1 12 5 

1 24 N.* 6 

6 0S. 4 


Informatae 



1 

1 4 61 

1 16 9 

1 15 30 

1 13 48 

1 13 3 

9 SON. 3 

10 0 4 

12 0 6 

10 64 6 

10 36 N. 6 


Taurus {Vrisha) 



378 1 

379 2 

380 3 

381 4 

382 6 

383 6 

384 7 

386 8 

386 9 

387 10 

388 11 

389 12 

390 13 

391 14 

392 15 

393 16 

394 17 

396 18 

396 19 

397 20 

398 21 

399 22 

400 23 

401 24 

402 26 

403 26 

404 27 

406 28 

406 29 

407 30 

408 31 

409 32 


f 1 20 28* 

5 1 19 67 

^ 1 18 42 

o 1 18 0 

e 1 24 3 

X 1 27 61 

jLC 2 0 33 

V 1 27 30 

2 5 48 

d 2 6 21 

y 2 3 3 

2 3 61 

2 6 12 

a 2 6 39 

e 2 5 18 

i 2 10 33 

m 2 13 24 

I 2 13 33 

£ 2 21 9 


1 26 9 

1 26 24 
1 26 57 
1 27 6 


6 24 S. 

7 42 

8 54 

9 39 

9 0 

8 21 

12 42 
14 45 
9 42 
12 35* 

6 9 

4 9 

0 16 
6 16 

2 54 
4 27 
4 30 

3 0 

2 42 S. 


T 2 

8 

42 

0 

30 N. 

2 

4 

67 

1 

0 

2 

4 

33 

0 

9 

0)^ 2 

0 

12 

0 

39 W 

(U® 2 

3 

12 

1 

OS. 

p 2 

1 

51 

4 

48 N. 

{Jj 2 

1 

27 

6 

18 

X 2 

4 

61 

3 

33 

1* 

4 

33 

6 

36 


3 46 6 

3 30 6 

3 45 6 

4 9N. 4 
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So. 

m. 

Bayer. 

Longltade. 

Latitude. 

Hag. 


Informatae 





S 

0 

' 

o 



410 

1 


1 

18 

51 

ID 

30 S. 

4 

411 

2 

6 

2 

18* 13* 

1 

35* 

5 

412 

3 

V 

2 

16 

61 

1 

9 

5 

CO 

4 

0 

2 

18 

54 

1 

30 

5 

414 

6 


2 

21 

42 

0 

34* 

5 

415 

6 


2 

22 

57 

8 

OS. 

6 

416 

7 


2 

20 

24 

1 

15 N. 

6 

417 

8 


2 

21 

51 

2 

30 

5 

418 

9 


2 

23 

45 

1 

48 

5 

419 

10 


2 

24 

21 

3 

42 

5 

420 

11 


2 

25 

36 

2 

20 N. 

5 


Gemini {Mithuna} 


421 

1 

a 

3 

16 

51 

0 

54 N. 

H 

422 

2 

/3 

3 

20 

3 

6 

30 

H 

423 

3 

e 

3 

7 

33 

10 

45 

H 

424 

4 

T 

3 

12 

3 

7 

30 

H 

425 

5 

L 

3 

15 

36 

5 

30 

H 

426 

6 

V 

3 

17 

67 

4 

54 

H 

427 

7 

K 

3 

20 

0 

2 

45 

H 

428 

8 

A 

3 

15 

9 

2 

45 

5 

429 

0 


3 

16 

3 

3* 

45 

5 

430 

10 

e 

3 

6 

21 

1 

15* N. 

3 

431 

11 

8 

3 

14 

51 

0 

21 S. 

3 

432 

12 


3 

11 

6 

2 

18 

4 

433 

13 

X 

3 

15 

6 

6 

0 

3 

434 

14 

V 

3 

0 

3 

1 

30 

4 

435 

15 

H- 

3 

1 

39 

1 

15 

4 

436 

16 

V 

3 

3 

33 

3 

24 

4* 

437 

17 

y 

3 

5 

39 

7 

12 

3 

438 

18 


3 

7 

39 

10 

12 S. 

4 


No. 

No. 

Boyer. 

Longitude. 

Latitude. 

Mag. 


Informatae 





8 

0 

* 

0 

/ 


439 

1 


3* 27 

21 

0 

45 S. 

4 

440 

2 

K 

3 

0 

3 

6 

ON. 

4 

441 

3 

d 

3 

8 

12 

2 

OS. 

5 

442 

4 


3 

23 

9 

1 

20 

5 

443 

5 

s 

3 

21 

21 

3 

0 

5 

444 

6 

f 

3 

19 

54 

4 

15 

5 

445 

7 i 


3 

26 

18 

2 

45 8. 

4 


Cancer (Karlca) 


446 

1 

£ 

4 

3 

54 

1 

ON. 

Uu 

ohoh 

447 

2 

V 

4 

1 

33 

1 

21 N. 

ha 

4 

448 

3 

0 

4 

1 

48 

1 

15 S. 

4 

449 

4 

y 

4 

3 

42* 

3 

ON. 

4 

450 

5 

8 

4 

4 

51 

0 

15 S. 

4 

451 

6 

a 

4 

9 

48 

5 

21 S. 

4 

452 

7 

i 

4 

2 

15 

10 

16 N. 

4 

453 

8 


3 

27 

45 

0 

64 N. 

5 

454 

9 

/S 

4 

0 

51 

10 

SOS. 

4 


Infoi'matae 


466 

1 

0^ 

4 

8 

18 

2 

15 S. 

4 

456 

2 

K 

4 

12 

3 

5 

48 S. 

4 

457 

3 

V 

4 

0 

3 

5 

ON. 

5 

458 

4 


4 

6 

57 

7 

ON. 

6 


Leo (Simha) 


459 

1 

K 

4 12 18 

10 9N. 

■ 

460 

2 

X 

4 14 18 

8 0 

i 

461 

3 


•t 17 33 

12 21 

3 

462 

4 

€ 

4: 26 6* 

0 46 

3 

463 

5 

£ 

4 24 33 

11 33 

3 

464 

6 

y 

4 26 6 

9 46* 

2 

465 

7 

v 

2* 24 27 

4 48 

3 

466 

8 

a 

4 26 21 

0 9N. 

1 
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


ITo. Bayor. longitude. 


latltndo. Mag. 


ifl7 9 A 4 26 30 

468 10 V 4 24 3 

469 11 i/f 4 21 3 

470 12 4 18 30 

471 13 O 4 21* 30 

472 14 Tt 4 25 48 

473 16 p 5 2 46 

474 16 i 6 0 33 

476 17 k 6 4 9 

476 18 1 5 6 27 

477 19 b 6 6 27 

478 20 8 6 7 36 


479 21 


5 6 48 


480 22 S 6 9 48 


481 23 


6 14 6 


482 24 o- B 16 24 

483 26 pS 6 16 39 

484 26 ,, 6 21 12 

486 27 ^ 6 17 67 


Informatae 


1 27 S. 

0 12 
0 6 
3 9 

3 67 

4 0 

0 9S. 

4 15 N. 
6 36 
2 6 

13 6 

14 9 
16* 46 

9 24 
6 9 

1 15 N 
6 OS. 
3 16 S. 
12 ON 


14 ON. 
16 30 
1 16 N. 
0 30 8. 
3 OS. 
28 12 N. 

23 30 

24 ON. 


198 6 

199 6 

500 7 

501 8 

602 9 

603 10 

604 11 

606 12 
506 13 

607 14 

608 16 

609 16 

610 17 

611 18 

612 19 

613 20 

614 21 

615 22 

616 23 

617 24 

618 26 

619 26 


^ 6 22 39 

77 6 1 16 

y 6 6 21 

6 10 30 
6 6 14 33 

§689 
p 6 1 54 

d* 6 4 9 

e 6 6 67 ! 

a 6 20 18 
^ 6 19 3 

P 6 20 24 

h 6 21 27 

m 6 23 3 

i 6 22 33 

6 26 21 
p 6 23 6 

t 6 29 67 

K 7 1 0 

<() 7 1 48 

Z 7 3 16 

.. 7 6 46 


0 10 N. 3 

1 30 3 

2 54 3 

3 0 6 

1 36 4 

8 45 3 

13 30 6 

11 18 6 

16 16 N. 3 

2 9S. 

8 46 N. 3 

3 12 N. 6 

0 24 S. 6 

1 9N. 6 

2 64S. 6 

I 30 S. 6 

8 46 N. 6 

7 16 4 

3 0 4 

II 46 4 

0 42 4 

9 51N, 4 




















ASTRONOMICAL OBSERVATORIES OF JAI SINGH. lOT 


No. 

No. 

Bayer. 

Longitude. 

Latitude. 

Mag. 

■ 

No. 

No. 

Bayer. 

Longitude. 

Latitude. 

Mag 

528 

3 


S ° ' 

7 16 6 

0 / 

8 46 N. 

1 

3 

1 

658 


■>? 

S ° " 

8 17 9 

o ^ 

21* OS. 

3 

629 

4 

S 

7 12 6 

8 36 

6 

■ 


17 

e 

8 22 3 

19 21 

3 

530 

6 


7 17 20* 

I 46* 

4 

■ 


18 

L 

8 23 36 

16 18 

3 

631 

6 

I/' 

7 14 64 

1 9 

5 

■ 

661 

19 

X 

' 8 22 39 

16 0 

3 

632 

7 

y 

7 21 67 

4 46 

4 

■ 


20 

X 

8 20 19* 

13 33 

3 

633 

8 

e 

7 20 12 

2 67 N. 

4 

■ 

603 

21 

V 

8 20 3 

13 54 S. 

1 

3 


Informatae 



643 

1 

/3 

7 

29 

30 

1 

20 N. 

3 

644 

2 

8 

7 

29 

0 

2 

3S. 

3 

646 

3 

TT 

7 

28 

46* 

6 

27 

3 

646 

4 

P 

7 

29 

3 

8 

61 S. 

3 

647 

6 

V 

8 

0 

36 

1 

46 N. 

4 

648 

6 

0)^ 

7 

29 

18 

0 

30 N. 

4 

649 

7 

<r 

8 

4 

36 

3 

46 S. 

3 

560 

8 

a 

8 

6 

24 

4 

30 

2 

661 

9 

T 

8 

7 

48 

G 

21 

3 

662 

10 

0*“ 

8 

2 

21 

0 

57 

6 

653 

11 


8 

3 

33 

7 

12 

5 

554 

12 

e 

8 

10 

27 

12 

0 

3 

665 

13 

P 

8 

12 

3 

16 

66* 

3 

656 

14 

V- 

8 

13 

27 

18 

61 

4 

667 

16 


8 

13 

33 

19 

16 

4 


Informatae 



Sa£:ittarius {Dhanu) 


607 

1 

r 

8 

27 

57 

7 

12 S. 

3 

568 

2 

s 

9 

1 

36* 

0 

45 

3 

669 

3 

€ 

8 

1 

21 

11 

12 

3 

570 

4 


9 

2 

33 

2 

OS. 

3 

671 

6 

P 

9 

0 

0 

2 

28 N.* 

4 

672 

0 

cr 

9 

8 

39 

3 

45 S. 

3 

573 

7 

4> 

9 

6 

27 

3 

54 

4 

674 

8 

o 

V'* 

0 

9 

16 

0 

46 S.* 

Gu. 

676 

9 

e 

9 

9 

5] 

2 

ON. 

4 

676 

10 

0 

9 

11 

39 

1 

16 

4 

577 

11 

TT 

9 

13 

3 

2 

0 

4 

678 

12 

d 

0 

14 

67 

3 

16 

5 

679 

13 

P'' 

9 

15 

33 

4 

6 

4 

680 

14 

V 

9 

16 

3 

6 

16 

4 

681 

16 


9 

19 

21 

6 

24 

0 

682 

10 

9 


23 

18 

6 

0 

5 

683 

17 

f 

9 

21 

15 

1 

48 N. 

6 

584 

18 

x“ 

9 

16 

24 

1 

64 S. 

6 

585 

19 


9 

18 

48 

3 

6S. 

4 

686 

20 

V' 

9 

13 

9 

2 

18 S. 

6 

687 

21 

T 

9 

10 

39 

6 

0 

4 
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ASTRONOMICAL OBSERYATORIES OE JAI SINGH, 



lO. No. Bay«T. Loae.tade. 

s “ ' 

688 22 ^ 9 9 39 

689 23 ^ 9 11 64 

690 24 a ® 12 21* 

691 26 rj 9 0 3 


9 0 3 


692 26 0 9 21 3 

693 27 t 9 28* 33 

694 28 ^ 9 22 16 

696 29 A 9 23 3 

696 30 b 2 22 33 

697 31 P. 9 23 16 


22 18 
IB 36 
13 18 
13 21 
20 3S 
6 3C 
6 3( 

6 I 

7 < 



Aquarius {Kumbha) 
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652 27 

653 28 

064 29 

666 30 

660 31 

067 32 

658 33 

669 34 

000 35 

661 36 

602 37 

003 38 

064 30 

606 40 

066 41 

607 42 


\Jj^ 11 13 3 


13 42 


Latitudo. Mag. 


3 24 S. 

4 0 



11 

13 

27 

5 

0 


11 

11 

42 

8 

48 

0)^ 

11 

16 

3 

11 

30 

0." 

11 

16 

16 

11 

0 

A' 

11 

16 

3 

14 

30 


11 

15 

42 

15 

6 


11 

10 

33 

15 

42 


11 

10 

51 

16 

0 


11 

11 

24 

15 

54 

b* 

11 

12 

15 

10 

45 


11 

5 

21 

10 

67 


11 

10* 

12 

15 

51 

c® 

11 

0* 

23* 

14 

48 


11 

0 

27 

21 

24 S, 


Informatae 


11 20 48 
11 23 20* 
11 22 36 


10 33 S. 
16 46 
19 18 8. 
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ASTRONOMICAL OBSERVATORIES OF JAI SINCE. 



Wo. No. Bayor. Longitude. 


4 8 

6 V 

6 e 

7 e 


11 TT 


13 V 

14 I 

15 6 


1 4 30 

1 3 64 

1 7 16 

1 2 3 

0 26 46 
0 27 12 

I 0 33 

1 0 61 
0 16 3 

0 16 16 
0 18 46 
1* 13 3 

0 8 48 

0 4 27 

0 2 48 

0 2 48 

0 2 21 

II 28 3 

11 29 33 


14 42 S. 
8 9 

6 30 
4 24 

25 42 

20 15 

26 15 
28 61 
26 30 
31 0 

21 9 
16 16 

16 42 
16 6 

17 12 

15 21 

16 6 
10 30 
21 01 


Orion 


(Javvara) 


731 

1 

X 

2 

20 

39 

13 

30 S. 

Gu. 

732 

2 

a 

2 

26 

21 

16 

45 

1 

733 

3 

r 

2 

17 

42 

17 

46* 

2 

734 

4 

A 

2 

18 

48 

17 

39 

4 

736 

5 


2 

26 

48 

14 

0 

4 

730 

6 

k® 

3 

0 

24 

11 

16 

6 

737 

7 


2 

29 

46 

9 

15 

6 

738 

8 

V 

2 

29 

12 

8 

42 

6 

739 

9 

p 

3 

0 

12 

7 

15 

6 

740 

10 

p 

2 

29 

18 

7 

16 

6 

741 

11 


2 

25 

15 

3 

24 

6 

742 

12 

/ 

2 

27 

24 

3 

45 

6 

743 

,13 

01 

2 

11* 

3 

19 

24 

4 



744 14 

745 16 

746 16 

747 17 

748 18 

749 19 

760 20 
761 21 

752 22 

763 23 

764 24 

766 25 

766 26 

767 27 

758 28 

759 29 

760 30 

761 31 

762 32 

763 33 

764 34 

766 35 

766 30 

767 37 

768 38 


S ® ' 

2 20 24 

2 18 21 

2 17 39 

2 13 48 

2 12 64 

2 12 21 

2 9 48 

2 8 61 

2 8 24* 

2 8 47* 

2 8 54 

2 9 67 

2 18 42 

2 20 18 

2 21 12 

2 10 3 

2 19 21 

2 19 27 

2 19 42 

2 20 33 

! 2 29* 39 

! 2 13 33 

I 

; 2 14 45 

, 2 10 9 

I 2 22 48 


Latitude. Mag. 

o / 

19 42 S. 6 

20 9 6 

20 30 6 

7 45 4 

7 64 4 

10 6 4 

12 42 4 

14 18 4 

16 30 3 

16 45 3 

20 18 3 

21 12 4 

23 67 2 

24 30 2 

26 24 2 

25 39 3 

27 64 4 

28 27 3 

29 12 3 

30 42 4 

30 61 4 

31 18 1 

30 24 4 

31 15 4 

33 21 S. 3 


Eridanus (Kulpd) 


K 2 12 3 

/3 2 12 16 

l// 2 9 48 

CO 2 7 21* 

fL 2 0 0 

V 2 3 24 

^ 1 29 27 


31 54 S. 
28 12 
28* 12* 
27 28* 

25 48 
24* 24 

26 0 
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No. No. Bayer, Longitude. 


776 8 

777 9 

778 10 

779 11 

780 12 

781 13 


79G 28 

797 29 

708 30 

799 HI 

800 32 

801 33 

802 34 


a 1 27 3 
O 1 26 48 


10 

r 

1 

20 

48 

11 

TT 

1 

17 

39 

12 

s 

1 

17 

18 

13 

e 

1 

14 

54 

14 

t 

1 

10 

42 

15 


1 

8 

16 

16 

V 

1 

5 

24 

17 

cr 

1 

4 

22 

18 


0 

28 

48 

10 

t" 

0 

29 

33 

20 


1 

1 

48 

21 


1 

7 

16 

22 

t“ 

1 

10 

67 

23 

T» 

1 

14 

33 

24 

t’ 

1 

14 

45 

25 

7^ 

1 

16 

0 

20 

t“ 

1 

17 

18 

27 

V® 

1 

25 

51 


V' 1 26 18 

1 20 30* 
1 18 9 

V® 1 8 9 

1 6 48 

1 4 33 

6 0 10 48 


Latitude. Mag. 


28 15 
27 39 
33 16 
31 16 

29 0 

27 48 
26 9 

23 64 

24 30 

24 12 

33 0 

35 39 
30* 45 
38 30 

30 27 

41 30 
12* 30 
44 0 

44 6 

50 42 

51 46 

54 .30 
54 9 

54 3 

55 30 

55 0 

53 45 S. 



508 6 c 2 8 18 46 30 S. 

BOO 7 a 2 17 9 41 18 

810 8 ^8 2 15 48* 44 12 

811 9 S 2 23 18 44^ 9 

812 10 7 2 20 61 46 9 

813 11 £ 2 22 6 38 30 

814 12 Tj 2 24 42 38 OS. 


Catiis Major {VriJiat ahapamurttih) 



827 13 


a 3 10 27 

^ 3 13 3 

3 13 33 

7 3 16 33 

t 3 15 48 

8 3 11 33 



823 9 p 3 3 33 

824 10 3 7 12 

826 11 3 8 48 

826 12 3 17 27 


3 14 16 


828 14 8 3 19 18 

829 16 € 3 16 48 

830 16 3 14 33 

831 17 ^ 3 4 16 

832 18 77 3 26 33 


39 30 S. 
34 45 
36 15 

38 0 

39 46 

43 0 


41 30 
46 36 
46 0 

46 16 
46 48 
48 21 
61 42 
66 16 
63 45 
60 46 S. 


Lepus (Arnava) 


Informatae 



1* 

11 

48 

36 

OS. 

2 

11 

39 

36 

0 

2 

14 

3 ! 

36 

30 

2 

13 

61 

36 

18 S. 

2 

11 

18 

39 

30 



3 

15 

30 

22 

42 S. 


2 

29 

9 

60 

46 


3 

3 

3 

68 

46 


3 

6 

15 

56 

51 


3 

1 

6 

13 

66 

48 
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ASTKONOMICAL OBSERVATORIES OF JAl SINGH. 



848 3 

849 4 

i60 6 

$61 6 

362 7 

363 8 

864 9 

866 10 
866 11 

867 12 

868 13 

869 14 

860 15 

861 16 

862 17 ! 

863 18 

864 19 

866 20 
866 21 
867 22 


i 4 7 18 43 33 

4 2 21 46 121 

O 4 1 61 46 21 

TT 3 28 30 46 24 

K 3 20 18 47 42 

p 3 29 3 49 0 

T 4 1 42 49 24 

O- 4 1 27 49 6 

4 6 30* 49 48 

V 3 28 3 61 64 

X 3 27 9 68 30 

/ 4 3 16 66 30 

^^ 4 6 3 69 0 

4 6 33 67 67 

4 9 61 68 9 

8 4 14 18 68 36 

<a^ 4 10 61 60 0 

4 14 48 69 61 

4 14 3* 67 21 

A’ 4 16 33 67 49 

■n^ 4 29 24 62 30 


Hydra (Suja) 
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OOO 10 

901 11 

902 12 

903 13 

004 14 

005 15 

906 10 

907 17 

908 18 

900 10 

910 20 

911 21 

012 22 
013 23 


4 22 3 

A 4 22 51 
a 4 23 39 

5 2 18 

^2 6 4 21 

X 6 5 18 

^ 6 11 12 

4* 14 9 

6 10 45 

^ 5 24 64 

5 25 18 

6 4 0 

C 7 18 

0 0 18 

y 0 23 3 

7 5 18 


16 42 S. 

21 42 

22 30 
26 0 

23 16 
22 0 

24 10* 
23 30 
22 0 
26 39 

30 21 
21* 42 
33 48 

31 15 

13 45 
13 0 



6 9 39 

0 10 9 

0 13 48 


14 18 S. 
12 0 
11 39 
17 49 


Centaurus {Kaihvurccs) 
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 



960 29 7 10 9 

901 30 

962 31 7 3 49 

963 32 ^799 

964 33 / 7 0 9 

966 34 £ 7 4 69 

966 36 a 8 2 9 

967 36 y 7 17 69 


968 37 


7 8 29 


61 10 
61 40 
66 10 
66 20 
41 10 
45 20 
49 10 S. 


Corona Australis {Mukuta) 





1 0 7 21 15 

2 a 7 29 33 

3 ^ 7 26 12 

4 ^ 7 26* 33 

6 ^ 7 26 45 

6 w 7 23 27 


^ 7 
^ 7 


7 24 16 
7 26 39 


9 p 7 26 12 

10 S 7 29 29* 

11 r 7 13 49 


13 fC 7 16 33 

14 V 8 2 9 

16 p 8 2 27 

16 y 7 29 3 

17 X 8 0 9 

18 € 7 20 41* 

19 8 7 21 6 


26 0 S. 3 

30 3 3 

21 28* 4 

21 18 3 

26 12 4 

27 30 6 

29 12 5 

29 0 6 

29 57 6 

33 10 4 

31 20 S. 6 

30 36 4 

29 24 6 

27* 18 4 

15 46 6 

13 21 6 

13 30 6 

13 6 6 

11 30 S. 5 


1004 

10 

1006 

11 

1006 

12 

1007 

13 


e 

9 

5 

42 

21 

18 

i 

9 

6 

24 

20 

30 

/8 

9 

8 

0 

19 

61 


9 

9 

24 

18 

18 

d 

9 

10 

18 

17 

18 

y 

9 

10 

9 

16 

12 

8 

9 

9 

42 

16 

16 


9 

8 

24 

16 

12 

V 

9 

8 

9 

14 

30 

1 

9 

5 

33 

16 

0 

K 

9 

3 

16 

16 

0 


9 

2 

9 

18 

36 S. 


Piscis Austrians {MuehohU yarmvl) 


21 30 S. 



8 

21 

29 

22 

40 S. 

6 

8 

24 

9 

26 

46 

4 



1008* 

1 

1009 

2 

1010 

3 

1011 

4 

1012 

6 

1013 

6 

1014 

7 i 

1016 

8 

1 1016 

9 

1017 

10 

1018 

11 


/8 

10 

24 

48 

y 

10 

28 

18 

8 

10 

20 

3 

6 

10 

28 

64 


10 

20 

3 

C 

1(0) 26 

16 

X 

10 

22 

66 

V 

10 

19 

30 

e 

10 

16 

27 

L 

10 

14 

33 

K 

10 

14 

33 


16 

64 

18 

33 

23 

16 S. 
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No. 

Longitudes. 

Jai Singh. 

Baily-f 4 

°8'. 


S 

o 

/ 

0 

1 


1 

2 

24 

23 

2 

24 

27 

10 

3 

19 

67 

3 

19 

51 

28 

4 

16 

18 

4 

16 

48 

29 

4 

47 

16 

4 

17 

16 

40 

0 

19 

68 

9 

19 

18 

63 

0 

11 

9 

0 

1 

9 

84 

10 

11 

9 

0 

11 

0 

04 

6 

29 

25 

6 

29 

24 

111 

7 

8 

38 

7 

8 

42 

116 

7 

10 

26 

7 

10 

36 

118 

7 

14 

39 

7 

16 

39 

132 

8 

6 

16 

8 

6 

■12 

160 

9 

16 

18 

9 

16 

18 

206 

1 

8 

64 

2 

8 

64 

210 

2 

26 

30 

2 

0 

30 

221 

2 

28 

61 

2 

18 

61 

226 

2 

25 

9 

2 

16 

9 

232 

8 

10 

12 

8 

19 

21 

267 

8 

20 

44 

8 

26 

46 

276 

8 

21 

8 

8 

21 

12 

350 

1 

6 

39 

1 

6 

19 

360 

1 

1 

56 

1 

0 

21 

301 

1 

0 

21 

1 

1 

15 

378 

1 

20 

28 

1 

20 

18 

406 

1 

4 

33 

2 

4 

33 

411 

2 

18 

13 

2 

13 

18 

430 

3 

27 

21 

2 

27 

21 

440 

4 

3 

42 

4 

3 

43 

462 

2 

26 

6 

4 

17 

16 

466 

2 

24 

27 

4 

24 

27 

471 

4 

21 

30 

4 

20 

30 

407 

5 

29 

27 

6 

24 

27 

620 

7 

12 

16 

7 

12 

0 

630 

7 

17 

20 

7 

17 

24 

646 

7 

28 

45 

7 

28 

48 

662 

8 

20 

19 

8 

20 

39 

664 

8 

24 

0 

8 

24 

3 

608 

9 

1 

36 

9 

1 

6 

600 

0 

12 

21 

9 

12 

61 

603 

9 

28 

33 

9 

18 

33 

603 

10 

1 

67 

10 

1 

27 

034 

11 

3 

27 

11 

3 

21 

637 

11 

7 

30 

11 

7 

3 

646 

11 

21 

42 

11 

2 

42 

649 

11 

6 

62 

11 

6 

12 

666 

11 

10 

12 

11 

6 

12 

666 

11 

6 

23 

11 

7 

3 

669 

11 

23 

20 

11 

23 

18 

676 

'll 

20 

24 

11 

10 

24 

723 

; 1 

13 

3 

0 

13 

3 

743 

! 2 

11 

3 

2 

21 

3 

752 

2 

8 

24 

2 

8 

21 

763 

|2 

8 

47 

2 

8 

42 

764 

I 2 

20 

39 

2 

18 

39 

772 

2 

7 

21 

2 

7 

61 

797 

|l 

20 

30 

1 

20 

33 

803 

!i 

11 

48 

0 

11 

48 

810 

2 

16 

48 

2 

16 

61 

856 

'4 

6 

30 

4 

6 

3 

866 

4 

14 

3 

4 

14 

7 

883 

6 

15 

9 

5 

14 

29 

804 

4 

10 

33 

4 

8 

33 

907 

•4 

14 

9 

5 

14 

9 

941 


16 

24 

7 

16 

14 

972 

.7 

26 

33 

7 

27 

33 

978 

7 

29 

29 

7 

29 

49 

986 

7 

20 

41 

7 

20 

48 

991 

■8 

14 

20 

8 

14 

29 


A 1'2 Dipferbnoes between Jai Singh’s and 
BaILt’s VERSIONS OF UlUGH Bbq’s 
OATALOGDE. 


Latitudes, 


No. 

Jai Singh. 

Baily. 


0 

/ 

0 

y 

42 

20 

15 

20 

15 

61 

80 

30 

80 

33 

67 

80 

36 

80 

30 

69 

80 

66 

80 

16 

119 

27 

9 

37 

9 

160 

60 

16 

60 

45 

164 

69 

42 

09 

62 

173 

64 

27 

04 

24 

176 

60 

2 

60 

12 

236 

82 

0 

32 

0 

246 


N. 


S. 

246 


N. 


s. 

248 


N. 


s. 

278 

26 

50 

20 

64 

288 

31 

9 

81 

0 

306 

32 

64 

32 

66 

306 

32 

12 

31 

21 

307 

31 

21 

32 

12 

320 

39 

9 

34 

9 

334 

26 

6 

26 

64 

337 

32 

21 

82 

30 

351 

20 

36 

27 

30 

35C 

30 

0 

16 

0 

300 

7 

61 

0 

30 

361 

6 

36 

7 

61 

363 

6 

16 

6 

30 

371 


N. 


s. 

387 

12 

36 

12 

16 

400 


N. 


s. 

411 

1 

36 

1 

15 

414 

6 

34 

6 

64 

429 

3 

46 

5 

45 

430 

1 

16 

1 

61 

464 

9 

46 

0 

0 

479 

16 

46 

16 

45 

630 


N. 


S, 

668 

21 

0 

20 

0 

674 


s. 


N. 

Cl 2 

5 

12 

6 

12 

648 


S. 


N* 

683 

6 

0 

0 

0 

710 

12 

11 

12 

61 

733 

17 

46 

17 

16 

771 

28 

12 

20 

64 

772 

27 

28 

27 

48 

774 

24 

24 

26 

24 

788 

30 

46 

38 

45 

792 

12 

30 i 

42 

30 

872 

21 

24 i 

51 

24 

884 

07 

20 1 

66 

20 

888 

66 

22 ! 

66 

12 

906 

24 

10 

24 

45 

911 

21 

42 

31 

42 

923 

17 

48 

16 

18 

047 

26 

30 

25 

33 

982 

27 

18 

17 

18 


Stab Magnitudes. 


No. 

J.S. 

B. 

8 

4 

3 

70 

4-3 

3 

128 

3 

4 

246 

6 

4 

490 

6 

4 

019 

3 

4 

020 


3 

824 

4 

5 

835 

4 

6 

1013 

6 

6 


Additions to tables 

OF DIFFERENCES 


No. 

Jai Singh. 

B.xily. 

Lonqitudb. 

127 

S ® ^ 

8 26 63 

S ' 

8 26 33 


Latitude. 

566 

0 / 

16 66 

0 t 

16 16 

671 

2 28 

2 18 

887 

67 0 

66 0 

960 

30 0 

80 48 

961 

30 43 

30 0 

971 

21 28 

21 18 






116 


ASTKONOMICAL OBSERVATORIES OF JAl SINGH. 


A 2. mahbndra’s star list. 



Mahendba’s List. 

ProLEsrr’s values. 

DlFPI 
BNOE 
-j— 

GB- 

S. 

Modem names and 

No. 

in 

No. “ 

Name. L 

ongitude. 

Latitude. I 

iongitude. 

Latitude. ^ 

^Longk 

iLat 

Magnitudes. 


Jai 

Singh. 

1 


go/ 

0 6 43 

“■ o / 

+27 0 

go/ 

11 17 60 

o / 

+27 0 1 

0 / 

8 63 

0 

8 Pegasi = tt And. 2* 1 

313 

2 

Nadyantak . 

0 19 43 

—63 30 

0 0 10 

—63 30 1 

9 30^ 

0 

9 Eridani 


802 

3 


0 22 43 

+26 20 

0 3 60 

+20 20 1 

8 63 

0 

jS Andromedoe 

2-4 

357 

4 


0 26 21 

+ 7 20 

0 6 40 

+7 20 1 

8 41* 

0 

y Ariotis . 

4*7 

360 

5 


0 20 43 

+61 20 

0 7 50 

+61 20 ] 

8 63 

0 

Cassiopeia 

2-4 

187 

6 


1 18 33 

+23 0 

0 29 40 

+23 0 

[8 63 

0 

/3 Persei . 

2 

201 

7 


1 23 43 

+30 0 

1 4 60 

+30 0 

L8 53 

0 

a Persei . 

1-9 

196 

8 

Brahma 

2 1 33 

—5 10 

1 12 40 

—6 10 

18 63 

0 

a Tauri . 

1*1 

391 

9 

At foot of 

2 ^ 43 

-^1 30 

1 19 60 

—31 30 

18 63 

0 

^ Orionis . 

0*3 

766 

10 

twins. 

Its left shoul- 

2 12 63 

—17 30 

1 24 0 

—17 30 

18 63 

0 

y Orionis . 

1-7 

733 

11 

der. 

Shadaaya 

2 13 63 

—22 30 

1 26 0 

—22 30 

18 63 

0 

a Auriga3 . 

0*2 

221 

12 

Ardra , 

2 20 63 

—17 0 

2 2 0 

—17 0 

18 63 

0 

a Orionis . 

0-9 

732 

13 

Agaatya 

3 6 4 

—76 0 

2 17 0 

—76 0 

18 64* 

0 

a Argus . 

—0*8 

880 

14 


3 6 33 

—39 10 

2 17 40 

—39 0 

18 63 

0 

a Canis Majoria 

—1*6 

815 

16 


3 12 33 

+9 40 

2 23 29 

+0 40 

10 4* 

0 

a Gominorum 

. 2 

421 

10 

Vyadhaniya 

3 18 43 

—16 10 

2 29 10 

—16 10 

18 33* 

0 

a Canis Minoris 

0*6 

845 

17 

Magha 

4 21 23 

+0 10 

4 2 30 

+ 0 10 

18 53 

0 

a Leonis . 

. 1*3 

466 

18 

... 

6 13 23 

+11 60 

4 24 30 

+ 11 60 

18 63 

0 

^ Leonis . 

. 2-2 

485 

19 


6 27 33 

—14 60 

5 13 30 

—14 60 

14 3* 

' 0 

y Corvi 

. 2*8 

028 

20 

Chitra . 

6 16 33 

—2 0 

6 26 40 

—2 0 

18 63 

0 

a Virginia 

. 1*2 

507 

21 

Svati . 

6 16 53 

+31 30 

5 27 0 

+31 30 

18 63 

0 

a Bootis . 

. 0-2 

no 

22 

Vi6aJsha 

7 3 33 

+44 30 

6 14 40 

+44 30 

18 63 

0 

a CorouflB Borealis 2*3 

111 

23 

Jyeshtha 

8 1 33 

—4 0 

7 12 40 

—4 0 

18 63 

0 

a Seorpii . 

. 1*2 

650 

24 

At the edge 

8 13 43 

+36 0 

7 24 60 

+36 0 

18 63 

0 

a Ophiuci 

. 2*1 

232 

26 

of Dhanus. 
Miila . 

8 20 3 

—13 10 

8 1 10 

—13 15 

18 63 

0°6- 

y Telesoopli 

, Neh 

664 

26 

» • « 

8 26 34 

+2 50 

8 6 40 

+2 60 

18 64> 

» 0 

^ Sagitarii 

. 3*8 

671 

27 

Abhijit 

9 6 13 

+62 0 

8 17 20 

+62 0 

18 63 

0 

a Lyree . 

. O'L 

i 148 

28 


9 22 43 

+29 10 

9 3 60 

+29 10 

18 53 

0 

Aquilse . 

. 0*9 

286 

29 


10 26 53 

—23 0 

10 *7 0 

—23 0 

18 53 

0« 

d Piso. Aust. 

. 1*3 

667 

30 

1 

10 28 3 

+60 0 

10 9 10 

+60 0 

18 63 

0 

a Cygni . 

, 1*3 

162 

31 


1] 21 3 

+31 0 

1 11 2 10 

+31 0 

18 63 

0 

^ Pegasi . 

. 2*6 

316 

32 

1 

11 23 13 

; —9 40 

1 11 4 40 

1 —9 40 

18 53 

0 

Ceti 

. 3-7 

729 


» See the intereBting note in Peters and Knobel’s Ptol Oat., p. 110. The readings for lo^ude 
® The readings vaiy. * Some authorities give—20® 20, but Baily gives —23 0. See Ptol. Oat. p. 113, 
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A 3. th:^ sCrya siddhLnta star list. 
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Hindu 

Names. 


Probable 
identification 
of stars. 


SURYA SIDDHANTA. 


Polar Polar 
Long, Lat. 


Rbduobd 


Flamsteed’s 
values reduced 
to A.D, 660. 


Nakshatra of 
which the stai 
is an indioator. 


.- o / o / 


Brahmali^i- 

daya, 

Agni or Huta- 
bhuj. 


Prajapati or 
Bnihina. 
Mpigavyadha 
•or Lubdhaka, 
Agostya 


«Spas . 


Apamvasta 


^ Ariotis . 

35 Aiietis • 

Tj Tauri 
a Tauri 
a Auriga) . 
jB Tauri . 

X Orionis . 
a Orionis • 

8 Aurigoo • 
a CaniflMajoris 
a Navis • 
yQ Goininorum 
8 Concri - 
€ Hydrm 
CL Loonis . 

8 Leonis • 
Leonis . 

8 Virginis 
8 Corvi 
6 Virginis 

CL Virginis 
a Bootis . 

I Libra . 

8 Soorpii . 
a Soorpii . 

X Soorpii . 

8 Sagittarii 
O' Sagitiacil 
a Lyra 
CL Aquilao • 

^ Dolphini 
X Aquarii 
a Pegasi . 

y Pegasi . 

^ Piscium 


8 0 10 N. 11 69 9 11 : 

20 0 12 N. 24 36 11 6 ! 

37 30 6 N. 39 8 4 44 

49 30 6 S. 48 9 4 49 

60 29 28 63 

04 Q 7 44 
63 0 10 S. 01 3 0 49 

67 20 9 S. 06 60 8 63 

67 11 30 49 

76 23 30 62 

00 0 80 0 


100 ‘ 0 


129 0 


ON. 02 66 CO 
0 0 100 0 0 0 


13 66 8 28 N. 1. Aivini. 

26 54 11 17 N. 2. Bharoni. 

39 68 4 1 N. 3. KyittikS. 

49 46 6 30 S. 4. Rohini* 

01 60 21 62 N. 

62 32 6 22 N. 

63 40 13 26 S. 6. Mrigafiiras. 

68 43 10 4 8. 6. Ardra. 

69 54 30 49 N. 

84 7 39 32 8. 

86 4 76 60 8. 

93 14 0 39 8. 7. Pimarvasu* 

108 42 0 4 N. 8. Pnshya. 


109 0 7 8. 109 69 C 60 8. 112 20 11 8 8. 9. MoshEu 


0 0 129 0 0 0 


129 49 0 27 N. 10. Magba. 


144 0 12 N, 139 68 H 19 N. 141 16 14 19 N. 11. P. PhaJguni. 

155 0 13 N. ICO 10 12 5 N* 15137 12 17 N. 12. U. PhalgunS. 


176 23 8 15 


171 38 8 38 N. 


170 0 11 S. 174 22 10 0 8. 173 27 12 10 8, 13. Hasta. 


178 48 2 46 

180 0 28. ISO 48 1 50 

199 0 37 N. 183 2 33 60 

213 0 li 8. 213 31 1 26 

224 0 3 8. 224 44 2 62 

229 0 4 8. 230 7 3 60 

241 0 9 8. 242 62 8 48 

264 0 6i 8. 264 39 6 28 

260 0 5 8. 260 23 4 69 

I 266 40 60 N. 264 10 69 68 

280 0 30 N. 282 29 29 64 

290 0 36 N. 296 6 36 33 

320 0 i 8. 319 60 0 28 

326 0 24 N. 334 26 22 3« 


178 12 1 46 N. 


183 49 

184 12 
211 0 
222 34 
229 44 
244 33 
264 32 


266 16 
281 41 
296 19 
321 33 
333 27 


2 2 8 . 

30 67 N. 
I 48 a 
1 67 8. 
4 31 S. 

13 44 S. 
6 26 S. 
3 24 8. 
61 46 N. 
29 19 N. 

31 67 N. 
0 23 8. 

19 26 N. 


637 0 26 N. 347 16 24 1 N. 349 8 26 41 N. 


369 0 0 0 369 60 0 0 


369 60 


14. Chitra 
16. Svan 

16. ViAfikhfl. 

17. Anuradha. 

18. Jyeshtha, 

19. Mfila. 

20. P, Ashadha. 

21. U. AshacTha. 

22. Abhijit. 

28. iSravana. 

24 ^ravishtba. 

25. ^atabhisbaj. 

26. P. Bhadra- 

pada. 

27. U. Bhadra- 

pada. 

28. BevatS. 
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The ZaeqalI Instrument. 


1 

iiPpaOXIMATB POSITION ON 
INSTRUMENT. 

THE 

Position aooording to Flamstbhd+ 

Names of Stars. 

R. A. 

Deolin. 

Long. 

Lat. 

R. A. 

Deolin. 

Long. 

Lat. 


0 

0 

S ° 

0 

0 / 

0 t 

S ° ' 

0 / 

Bhanab al-Qitus (0 Ceti) » 

6i 

—20 

11 27i 

—22 

7 0 

—19 41 

11 28 13 

20 24 

Sadr al-QItiis (g Ceti) 

38 

—16 

0 29i 

—29 

36 

—13 13 

0 29 0 

—26 0 

Fam al-Qitus (a Ceti, 
Menkar), 

37i 

+2 

1 6 

—13 

41 32 

+2 60 

1 9 59 

—12 37 

Rijl al-J luzi al-Yasri (0 , 
Orio lis, Eigd), 

75 

-9i 

2 12J 

— 31 J 

74 66 

—8 36 

2 12 30 

—31 10 

Farad al-Shuja‘ [a Hydrm) ! 

I37i 

-n 

4 22J 

—22i 

138 5 

—7 20 

4 22 68 

—22 25 

R5s al-Asad (jui Looms) . 

142 

+28 

4 16J 

+ 12 

143 45 

27 27 

4 17 6 

+12 9 

Qa*da Batib (a Crateris) . 

160 

-16J 

6 19 

—22J 

161 12 

—16 39 

6 19 27 

—22 42 

Zahr al-Asad (a Leonis) . 

162 

+22J 

6 6J 

+ 14 

164 23 

22 12 

5 6 67 

+14 9 

Simak Ramib (a Bootis 
Arcturus), 

210 

+22 

6 20 

+32 

210 221 

+20 49 

6 19 54 

+30 67 

Naar-Waqi* (a Lyrse, Vega) 

2773 

f +38^ 

t 9 lOl 

1 62 0 

276 36 

+38 32 

9 10 67 

+61 46i 

Dhanab al-dajajah (a 

CygQi). 

308 

+44 

11 11 

r +60] 

307 401 

+44 12 

11 1 11 

r +69 67 

Dhanab .al-JadI (5 Capri- 
oomi). 

m\ 


10 18 

! 

—2 

322 29 

—17 29 

10 19 13 

—2 32 

Fam al-Faras (s Pegasi) . 

322 

+8; 

1 

11 10 27 

1 

+22 

322 14 

+8 28 

10 27 34 

+22 7 

Mankib al-Foras (0 Pegasi 

) 342 

+27 

11 24i 

+31 0 

342 IL 

1 +26 24 

11 25 2 

+31 8 


1 Flamsteed had beeu at work at Greeawioh for four years, -when the Zarqali instrument was made. 
The instrument is dated A.D. 1680, and Flamsteed’s catalogue is for 1689. 


APPENDIX B. 

Astrological TubUi. 
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B.—ASTROLOGY. 

The instniments, both brass and masonry, were sometimes used for astrological purposes, and 
in some cases were graduated specificaUy for such purposes. The following notes and the accom- 
panying tables are concerned only with such astrological matters^ as are exhibited by the instru¬ 
ments, and relate to :— 

(1) The ascendant or rising sign. 

(2) Houses {Bonus CobU). 

(3) Trigons or Triplicities and their Kegents. 

(4) Terms or Limits. 

(5) Decans and Faces. 

(6) Planetary Domiciles. 

(7) Septenaries, Nonenaries, Duodenaries. 

The Ascendant, or ‘ horoscope,’ is the point of the ecliptic rising to the horizon at the given 
moment. Its determination is the first and most important astrological problem. By means of 
the Jai Praka6 (page 37), or the Kapala, the ascendant could be determined by inspection. On the 
Jai PrakaS the shadow of the intersection of the cross wires shows, not only the position of the sun,, 
but also the sign that is on the meridian, from which the rising sign could be deduced; while the 
Eapala shews the rising sign itself. 

On the astrolabe, the position of the sun on the ecliptic (its longitude), and its position for the 
day (its altitude) being known, the only operation required is to turn the ‘ ankabut {arama), so that the 
part of the ecliptic in which the sun is, Hes on the proper altitude circle (abnucantarat), and then the- 
rising sign, or the point of the ecliptic on the horizon, can be at once read off. 

On the ‘ Jaipur B ’ astrolabe is given a table of the times of rising of the signs (see p. 23), from 
which the ascendant, etc., could be calculated, if the position of the sun were known, for any of the 
given latitudes. 

The ecliptic was divided into 12 equal divisions, or signs of the zodiac, wMch, owing to the obli- 
quity, took different times to rise and set. This problem of ascensions (’Avaifiopen') became of great 
importance, because it affected the position of the four ‘ centres.’ (1) The ‘ horoscope ’ or' ascendant.’ 
(2) Superior culmination. (3) The descendant. (4) Inferior culmination. These, in consequence 
of the variable time of the risings and settings of the signs, are not at intervals of right angles, as the 
early ‘Egyptian’ astrologers assumed. 

This problem of the ’anaphorai, is most interesting historically. Hypsicles and Hipparchus, 
(second century B.C.) studied it and Ptolemy gave the correct solution. Paulus of Alexandria (third 
century of our era) animadverted on the erroneous methods® employed and exhibited the ’anaphorai 
according to Ptolemy. 


1 We are not here concerned-with the fact that the fundamental assumptions in oomiexion with astrology are 
false. Ptolemy assumed influences emanating from celestial bodies, which tended to moke the nature of the subject, 
affected similar to the agent. The Arabs considered the heavenly bodies rather as indicators than agents. Neither 
of these assumptions is warranted by any combination of observation and reasoning; both were the result of false 
ideas, that have been long since discarded, except by the un-learned. 

* JB.ff., by Manilius. See Delambre, Vol. I, p. 263. 
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The following incorrect table ^ from Petosiris, for the first and second climates, may be compared 
with that given on page 23 :— 



Rising. 

Shtting. 


Ist Climate. 

2 nd Climate. 

1 st Climate. 

--— 

2nd Chmate. 


“ h. m. 8. 

° h. m. 

0 / 

0 


Aries. 

21 40 = 1 26 40 

20 = I 20 

38 20 

40 

Pisces. 

Taurus .... 

26 0 = 1 40 0 

24= 1 36 

35 0 

36 

Aquarius. 

Gemini .... 

28 20 ;= 1 63 20 

28= 1 62 

31 40 

32 

Caprioomus. 

Cancer .... 

31 40 2 6 40 

32= 2 8 

28 20 

28 

Sagittarius. 

XiOO ..... 

36 0 = 2 20 0 

36= 2 24 

25 0 

24 

Scorpio. 

Virgo .... 

38 20 = 2 33 20 

40= 2 40 

21 40 

20 

libra^. 

Total 

180 0 =12 0 0 

180=12 0 

180 0 

180 



The table for the second climate is reprodnoed in the Brihaj jdlaka ® of Varaha Mihira (c. A.D. 
660), and is therefore of considerable historical interest. Varaha Mihira lived at Ujjain, which the 
Hindus placed at the middle of the second climote.® The Surya Siddhanta (iii, 42 /.) gives the correct 
rule for determining the times of rising {Udayasmas) of the signs, but gives 24° as the obliquity. 

Houses.—The astrological houses {Bwnus omli) must not be confused with the planetary domi¬ 
ciles. The system of twelve houses was not altogether accepted by Ptolemy, but since the date of 
Sextus Empiricus (3rd century of the present era) it has been m universal use.* In plate V and figure 
17 the twelve houses are shown. The boundary lines pass through the intersection (ff) of the horizon 
and meridian, and cut the equator at equal intervals of thirty degrees. The points at which these 
boundary lines out the echptic are termed the cusps {Giispides domonim), and four of these are at once 
seen {E, W and A in plate V), but to find the others is a mathematical problem of some little diffi¬ 
culty, and occupied the attention of al-Battani, Eegiomontanus, Jean-Antoine Magini (1656-1617) and 
others. According to Dclambre (p. 501), the Arabs divide the south-east quadrant of the equator 
{S.E. hr plate 7) into spaces each equivalent to two temporal day liours, and the next quadrant 
(E.N.) into corresponding spaces of night hours.'' Oampanus and Qazulus divide the prime vertical 
(EZW), instead of the equator, into equal divisions, and so on. 

Trigons or Triplicities. —The Greek astrologers tried almost every possible combination 
of the signs of zodiac. The signs being represented by equal spaces on the circumference of the circle, 
pairs were associated by parallel lines {Antisoia of Pirmicus, etc.), by diameters, by squares, by hex¬ 
agons, and by triangles, inscribed in the circle. 

The triangular aspect was considered the most beneficial, and Ptolemy gives as the reason for 
this, that thetrigou unites signs of the same sex,® but Bouch4-Leclercq suggests as the motif the part 
that the triad played in oriental religions. 


^ From Bouoh6-Loolorcq’s Astrologic Grccque, p. 26Q, 

* Ttko rule roads : “ The niimbors live, six, seven, eight, nine and ten, each multiplied by four, are rospeoti^ely 
the measurements of the first six signs from Moaha (Aries); and these reversed become the lagm md7ias of the lost 
six signs.” (i, 19.) 

* The Hindus placed tljjain on the tropic of Cancer, i.e., latitude 23° 61' 16^ according to Ptolemy, 

^ Manilius (first century B.C.) had employed a scheme of eight houses. 

® But see figure 17 which does not support this praotioe. 

* The sox of the signs is determined by the Pythagorean view of numbers, which shows the odd numbera as 
masculine and the even as feminine.- The signs are alternately masoulino and feminine, starting with Aries, which 
is mosculmo. L'Astrologie Gfrecque, p. 164. 

s 







AfiT^OiJOillCAL OBS'ElivATtfiSlBiB OE' JAT- SllJ'cJit. 

Tlife trigOMs' 01 triplicities are sets of three signs that are 120 degrS'es ai)aTt. The tkigotis ill brder 


• are— 


(fl) 

(b) 

(0) 


(i) Arxks . 

Lbo 

Sagittarius • 

MasouKue, Royal TrigoiL 

(ii) TAtrtrtJS. 

Virgo . 

Capbioobnus 

Peminine. 

Ghmot 

Libra • 

Aquarius . 

Masouline, Huiuan Trigon. 

«(iv) 

Scorpio 

.. 

PiSOBS . 

Peminine. 


The Lords or Regents of the trigons are given on several astrolabes (p. 23). The origin of 
the arrangement is obscure, but, according to Geminus, the orientation is determined by the direction 
•■of the wind when the moon occupies one of the signs of the trigons, etc., etc. 


The regents are— 


(a) 

(6) 

(C) 

(i) Saturn. 

Sun . . . . • 

Jupitor. 

f(ii) Venus. 

Moon. 

Mars. 

Mercury. 

Saturn. 

Jupiter. 

•{iv) Moon. 

Mars. 

Venus, 


The tables on the astrolabes correspond to these j^rinciples, but add other information. The 
table of trigons on ‘ Jaipur A' is given on p. 23; the corresponding table on ‘ Herat C ’ is seen in 
figure 12- In both of these tables the trigons are classified in order as (i) Fiery, (ii) Earthy, (m) 
Air y and (iv) Watery 

Terms or T.imifa Fractions of each sign of 30 degrees are distributed among the 

five planets, and the amount allotted to each planet determines the quantity of its influence. The 
planets are Arranged in an order, which varies for each sign; but the order never forms an intelligible 
series, and the determining causes of the scheme ate not understood.® The system followed on all 
the astrolabes examined is that known to Dorothea of Sidon, Fiimicus and Paulus Alexandiinus.* 
It did not satisfy Ptolemy, who tried to introduce a rational order, but failed; and the Egyptian 
•system is the only one generally recognised. 

It is curious that some astrologers tried to explain the numbers as the times of rising of the 
respective planets, but Ptolemy pointed out that these depend upon the latitude of the observer, 
etc.; Demophilus said the numbers represented the periods of revolution of the planets; some say 
the number aUotted to each planet represents the number of years of life, that it can impart to the 
individual bom under its influence, etc. 


1 According to Dorothea of Sidon, Ptolemy gives Mars for Saturn in i, (a). 

> According to Albirum (ii, 220) the Hindus do not refer the aapeciua trigoni to the elements, 

» The Brihaj-j&iaka (i, 7) seems to aim at a systematic arrangement, but the text is not at all clear. 
* 'Bouoh^-Leoleroq, p. 206f. 
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Tte questioa of opia. made discord with the astrologers. “ ApoUiaaris,” writes Demophilus, 
“ disagrees with Ptolemy about the distribution of the and they both with Thrasyllus, Peto- 
siris, and other ancient authorities.”^ The complete table of terms is given below (p. 125). 

DeCBllS And Facds. —The decaus (SeKstvot) are parts of the zodiac, each equal to 10' 
degrees. Each division of time had its protecting genius, or chronocrator, and the 36 decans are pos¬ 
sibly of such, or religious, origin, and correspond to 36 protecting divinities. Hermes Trismegistus - 
speaks of the 36 decans as ‘ vigilant guardians, inspectors of the universe.’ 

The system of decans imposes three kinds of influence: (1) that of the decana themselves, (2) that. 
of the stars that rise at the same time and (3) that of the ‘ figures ’ or ‘ faces ’ {itpio-mva). 

The order of the decans, after Pirmicus and Paulus Alexandrinus, etc., and on the astrolabes, 
is as follows :— 


Signs. 

Docans, 


Marti . 

Sun 

Venus. 

Taubtjs. 

Mercury . 

Moon 

Saturn. 

GlfiMlNT . 

Jupiter . 

Marw 

Sun. 

. 

Vonufl 

Mercury . 

Mopn. 

Luo. 

Saturn . 

Jupiter . 

Mars. 

ymaj). . 

Sun 

Venus 

Mercury. 

Libra . 

Moon 

Saturn . 

Jupiter. 

Soomo. 

’Sllfjxva 

Sun 

1 Venus. 

SAQCTTAItlCJS. 

Mercury , 

Moon 

Saturn. 

CAPRiooBNcra. 

Jupiter * 

Mars 

Sun. 

AQUABrcr6. 

VonuB 

Mi^roury . 

Moon. 

PxHoas. 

Saturn . 

Jupiter . 

Mars. 


It wiU be noticed that the decans, read vertically, in the above table, are in the order of the days 
of the week. 


Planetary Houses. —The idea that the planets, as divinities, rejoiced in particular positions 
seems to have come from the East (Babylon ?). The scheme seems to have been evolved by equating 
the planets, in order, with the signs, starting from the beginning of the calendar year, thus 


FCousea. 

Planets. 

Houses. 

Aquabtcts. 

1 Saturn .... 

Cajpbiuobots. 

PX609S. 

2 Jupiter . 

SAGITTAJBpCTTS. 

....... 

3 Mors .... 

Scoano. 

Taubus 

4 Venuf .... 

Ltbsa. 

OaicQTX « • m • . . ■ 1 

$ Ijllerpury .... 

Viljflifi- 

Libsq • • « ■ • • • 

1 

6 Vopn—:flun * 

1 ' J L 1 " k ' ' 1 .. 


' Bonoh6-LeoloT04, p. 223. 


s2 
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On tke astrolabes (B and E) the arrangement is as follows 


.. 

1 Saturn 

6 Mercury 

4 VenuH. 

PiSOBS 

2 Jupiter 

0 Moon . 

3 Mars. 

.. 

3 Mars . 

6 ' Sun . 

2 Jupiter. 

Taurus. 

4 Venus . 

5 Mercury 

1 Saturn. 

.. 

5 Mercury 

4 Venus . 

1 Saturn. 

.. 

6 Moon . 

3 Mara . 

2 Jupiter. 

Lbo 

6 Sun 

2 Jupiter 

3 Mors. 

Virgo . 

6 Mercury 

1 Saturn 

4 Venus. 

Libra . 

4 Venus 

1 Saturn 

5 Mercury. 

Scorpio . 

3 Mars . 

2 Jupiter 

0 Moon. 

.. 

2 Jupiter 

3 Mara . 

6 ' Sun. 

... • 

1 Saturn 

4 Venus . 

11 n . HT 

6 Venus, 


±110 JSrirUL'] DOIJP . .lu-wj-w, T —'''“J 3 - ? ' - ' ^ 

Mars, Jupiter, Saturn, Saturn, Jupiter, are successively the rulers of the twelve houses, Mes4, Vrisha, 
Mithtma, etc., as well as of the NavaihSas and Dvadafiamfias of the houses.” 

Septenaries.—^These occur only on the Zarqali instrument and are as follows; 


Aquabius 
F lBOES . 
ABIBS . 
TATJaUB 
GEMINI . 

Caeoeb 





1 Batum . 

2 Jupiter . 

3 Mara 

4 Sun 

6 Vonua . 

0 Moroury 

7 Moon . 

OAPBIOOENUS. 




2 Jupiter . 

3 Mara 

4 Sun 

6 Venus . 

6 Mercury 

7 Moon . 

1 Saturn . 

BAGITTAEnTB. 




3 Mara 

4 Sun 

6 VenTifl . 

0 Mercury 

7 Moon . 

1 Saturn . 

2 Jupltor . 

BOOETIO. 




6 Venus . 

6 Mercury 

7 Moon . 

1 Saturn . 

2 Jupiter . 

3 Mars 

4 Sun 

LIBBA. 




0 Mercury 

7 Moon . 

1 Saturn . 

2 Jupiter . 

3 Mora 

4 Sun 

6 Venus . 

Vraao. 




7 Moon . 

1 Saturn . 

2 Jupiter . 

8 Mars 

4 Sun 

fi Venufl . 

0 Mercury 





4 Snn 

6 Venus , 

C Mercury 

7 Moon . 

] Saturn . 

2 Jupiter . 

3 Afara 

LEO. 


JJ.UlX«UAAUCUi V/J.V4.V3XJ IT.-W.U. - - -- * 

order (of the first column) is the order of the planetary domiciles (p. 123). 

Novenaries.— If the planets be arranged in the domiciliary order, (1) Saturn, (2) Jupiter, 
(3) Mars, (4) Venus, (6) Mercury, (6) Moon, (6') Sun, in nines for each trigon, starting with Mars, we 


get the following arrangement:— 


TRIGONS. 

1 

2 

8 

4 

5 

6 

7 

s 

0 

1. AMES, Leo, 
SAGnTAMUS. ! 

3 Mars . | 

4 Vonna . 

6 Mercury 

6 Moon . 

6' Sun 

6 Mercury 

4 Venus . 

8 Mars 

2 Jupltor. 

2. TAxmuB, Via- 
00, Oapei- 

COBSUS. 

1 Saturn . 

1 Saturn . 

2 Jupiter , 

8 Mars 

4 Venus . 

B Mercury 

6 Moon . 

6' Sun 

5 Mercury. 

8. GBIMXBT, liIBBA, 

4 Vonufl . 

3 Mars 

2 Jupiter . 

1 Saturn . 

1 Saturn . 

2 Jupiter 

3 Mars 

] 4 Venus . 

B Mercury. 

AQUABTCrS. 

4. oanobr, Soor- 
PIO, PIBOES. 

6' Moon . 

6' Sun 

5 Mercury 

4 Venus . 

8 Mora 

2 Jupltor . 

1 Saturn . 

1 1 Saturn . 

1 

2 Jupiter, 


and this is leally the arrangement given on the Zarqali instrument, and it is implied in the Brihdj 
jatalca (i, 6) which says : “ The rulers of the nine Navamfias of Mesha, Makara, Tula, Karkata are the 
same who rule the nine houses beginning with Mesha.” 


The classical (Plato, Ariatatle, EratostheneB, etc.) order was. Moon, Sun {Venus, Mercwry), Mars, Jupiter, 
SaMLrn, Later, Mercury and Venus were interchanged (Heraclitus), and about the time of Hipparchus the order was 
made Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn* 
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DnodGUSrios. The ZarqalT instrument (E) gives the planets also in twelves for each sign 
(figure 19). The arrangement is exhibited below : the order is the domiciliary order, both horizon¬ 
tally and vertically. 



1 

2 

3 

4 

5 

6 

7 

8 



11 

IS 

AQXrABtUS . 

PlfiOBS. 

Abieb • • • 

TiimtrB 

OEHlllI 

OA.KOBB 

LBO . 

YtBQO , 

TirBBA • . * 

BOOBFIO 

BAGITTAEITTS 

OAFBlOOBNirB 

Satnm . 

Jtiplter . 

Mois 

Vonus . 

Morcury 

Mood . 

SUD 

Morcury 

Vonus . 

Mars 

Jupitor . 

Saturn . 

Jupitor . 

Mars 

Vonus . 

Morcury 

Moon , 

Sun 

Mercury 

Vonus . 

Mars 

Jupitor . 

Saturn . 

Saturn . 

Afars 

Vonus . 

jrercury 

]^[oon . 

Bun 

Morcury 

Venus . 

Mars 

Jupitor . 

Saturn . 

Saturn . 

Jupitor . 

Venus . 

Morcury 

Moon • 

Sun 

Morcury 

Vonus . 

Mars 

Jupitor . 

Saturn . 

Saturn . 

! Jupitor . 
Mars 

Morcury 

Moon . 

Bun 

Mercury 

Vonus , 

Mars 

Jupitor . 

Saturn . 

Saturn . 

Jupiter, 

Mara 

Vemw . 

Moon . 

Sun 

Mercury 

Venus . 

Alars 

Jupitor , 

Saturn . 

Saturn . 

Jupitor . 

Mars 

Vonus . 

Mercury 

Sun 

Mercury 

Venus . 

Mors 

Tnpltor . 

Saturn . 

Saturn , 

Jupitor . 

Mars 

Vonus . 

Mercury 

Moon . 

Morcury 

Venus . 

Mors 

Jupiter . 

Saturn 

Saturn . 

Jupiter . 

Mars 

Vonus . 

Morcury. 

Moon . 

Sun 

Venus . 

Mots 

Jupiter . 

Saturn . 

Saturn . 

Jupiter . 

Mors 

Vonus . 

Mercury 

Moon . 

Bun . 

Morcury 

Mars 

Jupiter . 

Saturn . 

Saturn , 

Jupitor . 

Mars 

Vonus . 

Moroury 

Moon , 

Sun 

Mercury 

Vonus . 

Jupiter . 

Saturn . 

Saturn . 

Jnplter , 

Mars . 

Venus . 

Mercury 

Moon . 

Sun 

Mercury 

Venus . 

Mars 

Satcra^ 

Saturn. 

Jupitor. 

AEors. 

Venus. 

Mercury. 

Moon. 

Sun. 

Mercury^ 

Vonus. 1 

Mors. 

Jupitor. 

■V 


Summary of the Astrological tables that ooour on the instruments 

EXAMINED. 



Signs 












A 

P 


Trigons. 






icruut or jjmjis 





Day 

3t4'gonts. 

Night 

Ecgonls. 

Nature of 
XrJgon. 


fY> 

Aries 

JiipKor 

0 

Vonus 

0 

Morcury 

8 

Mars 

6 

Saturn 

ft 

1 

Sun 

Jupitor , 
Saturn . 

Jupiter , 
Bun 

Saturn . 

Eoyal, Fiery 

1 

b 

Taurus 

Vonus 

8 

Storoury 

0 

Jupilicr 

8* 

Saturn 

ft* 

Mars 

3 

11 

Venus 

Aloon 

AIots 

Moon 

Vonus 

Mars 

Earthy 

a 

n 

(^eniJni 

Slercury 

0 

Jupttor 

0 

Vomis 

5 

Mars 

7 

Saturn 

0 

111 

Saturn . 
Moroury . 
Jupitor . 

Morcury . 
Baturii . 

J upltor , 

Human, Airy 

a 

3 

Cancer . 

Mars 

7 

Vonus 

i\ 

Mercury 

0 

Jupitor 

7 

Saturn 

d 

Iv 

Vonus 

Mars 

Moon 

Hors 

Vonus 

Moon 

Watery 

4 


Loo 

Jupitor 

(1 

Venus 

5 

Saturn 

7 

Mercury 

8 

Hors 

0 

1 

Bun 

Jupitor . 
Hatum . 

Jupitor . 
Bun 

Saturn . 

Royal, Fiery 

5 

uu 

Virgo 

Mercury 

7 

Vonus 

10 

Jupitor 

4 

Mors 

7 

Saturn 

2 

11 

S 

Venus 

Moon 

ACats 

Aloon V, > 
Venus 

Mars f. 

Earthy 

6 


Libra 

Saturn 

8 

Mercury 

B 

Jupitor 

7 

Vonus 

7 

Mars 

2 

111 

ttntum , 
Moroury . 
Jupiter . 

Mernury . 
Saturn . 
Jupiter . 

Human, Airy 


tn. 

Scorpio . 

Mars 

7 

VonuB 

•1 

Mi'roury 

8 

Jupltei 

ft 

Saturn 

fl 

iv 

Venus 

IMors 

Moon 

Mars 

Vonus 

Moon 

watery 

8 


Sagittarius. 

Jupitor 

13 

Venus 

C 

Moroury 

4 

Saturn 

ft 

Moth 

4 

1 

Sun 

Jupiter , 
flaturn 

Jupiter , 
Sun 

Saturn . 

Royal, Fiery 

0 

C 

Caprioomua 

Morcury 

7 

Jupitor 

7 

Venus 

8 

Satuiik 

4 

Mars 

4 

11 

Vonus 

Moon 

Mars 

Moon 

Venus . 
Mars 

Earthy 

-10 

rfi 

Aquarius . 

Mercury 

7 

Vonus 

<1 

Jupitor 

7 

Mors 

5 1 

Saturn 

6 

111 

Saturn . 
Morcury . 
Jupitor . 

Morcury . 
Saturn . 
Jupitor . 

Euman, Airy 

1^ 


PlSClMJ 

Venue 

12 

Jupiter 

4 

Morriry 

3 

Mars 

0 

Saturn 

2 

iv 

Venus 

Maw 

Moon 

Mors 

Vonus 

Moon 

Watery 
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APPENDIX C. 

GeogrAfhical Elements. 




1 See page 26: This is a Beleolion only. The small figures in italics are approximate modem values. For 
lists see Ptolemy, al-BattSni, Ulugh Beg, the Am-i-Alcban, eto. 

* Jeruflalem. 

3 119 on ‘ Jaipur D.’ 

* The values vary from 113" U' to 113® 36' and from 28® 15' to 29® 0. 

® Aleppo. 

® Alexandria. 
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Place. 

Longitude. 

Latitude. 

Inhiraf. 

Distanoe. 











0 

t 

o 

» 

0 

t 


Maraghah • 

• 


• 







82 

0 

37 

20 

16 

17 

360 











46 

17 

S7 

21 




Misr^ 

m 


• 

• 






63 

20 

30 

20 

58 

38 

335 











SI 

15 

so 

2 




Mosul 



« 

• 






77 

0 

34 

30 

4 

12 

286 











is 

9 

36 

19 




^hapur , 

• 


• 

• 






92 

30 

30 

21 

46 

25 

440 











S8 

40 

36 

8 




Qain 

• 



» 






93 

20 

33 

40 

54 

1 

414 

Qondhiu: . 

• 


« 

m 






107 

40 

33 

0 

76 

0 

666 











65 

40 

31 

36 




Qazwln 

« 


» 

■ 






85 

0 

35 

0 

27 

34 

362 

Sabzwar • 

• 


« 

• 






91 

30 

36 

5 

44 

12 

422 

Samarqand 



m 

■ 






99 

26 

39 

37 



* 











66 

69 

34 

40 




Shiraz 

• 


• 

• 






88 

0 

29 

30 

53 

58 

279 











52 

40 

29 

30 




Sirhind 

• 


m 

« 






111 

33 

30 

30 














r6 

28 

so 

37 



• • 

Tariblis ® • 

• 


• 

• 






45 

0 

32 

0 

78 

17 

674 











12 

2$ 

32 

49 




Tabriz 

. 


• 

• 






82 

0 

38 

0 

16 

40 

367 











i6 

12 

33 

2 




Tiflis 

• 


• 

• 






83 

0 

43 

0 

14 

41 

486 











ii 

60 

41 

35 




Ujjain 

• 


■ 

• 






102 * 

0 

24 

30 

77 

67 

510 

• 










75 

47 

23 

10 




Yozd • 

• 


• 







80 

0 

32 

0 

48 

29 

331 











54 

1 

so 

31 

33 





1 Cairo. 

■ Tripoli. 

° Possibly wrongly copiod for 112 ; I* gives 110® 60' and 23° 30'. 


C. (2) Longitudes and Latitudes of ITjjain, Delhi, Benares, Jaipur. 


Name of Place. 

Date, 

Authority. 

Locality of observa¬ 
tion. 

Longitude. 

Latitude 

North, 


AD. 





Ujjain . 

650 

PancJuzaiddhdntihd . 

. t •. 

44° East of Alexan¬ 
dria.*- 

24*0'0* 


1000 

Hindu canon oooord- 
ing to Albiruni. 

9 * ■ • 

.... 

24''0'0* 

- 

1010 

AlbirQni • . 

.. •« 

.... 

22®49'0' 


1160 

Bhaskara 

■ • • « 

.... 

22“ 30'O' 



Astrolabes 

• • « • 

110° 60' East of For¬ 
tunate Isles.® I 

23“ 30'O' 


^ The longitude of modem Alexandria is given as 29° 61' East of Groenwioh. The astrolabes generally gave 
61° 64' East of the Fortunate Isles (sec p. 127). 

® For the longitude of the Fortunate Isles see p. 26 where it is estimated at 36° West of Greenwich. 


T 
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C. (2) Longitudes and Latitudes— 


Name of Places 

Date. 

i 

Authority. 

Local*ty of observa¬ 
tion. 

Longitude. ' 

Latitude 

North. 

Ujjain— Gontd. 

a 1734 

Jai Singh « 

Observatory . 

.... 

23° 10' O'. 


1792 

W. Hunter (Aa. JBes. 
1796, p. 141f). 

Near Rana Khan’s 
Garden. 

76° 46' East of Green- ! 
wioh. 

23° 11' 34-2'. 



W. Hunter 

Near Soindia’s Palace 

76° 66' 3' East of : 
Qroonwioh. 

23° 10' 66-6'. 


1826 

Warren, from Hindu 
Books. 

.... 

.... 

23° 11' SO'. 


1916 

Trigonomatriool Sur¬ 
vey of India. 

Hill 1678 

.... 

23° 11' 6^ 

IDblhi • 

•• 

Astrolabes • • 

.... 

113° 16' East of For- 
tunato Isles.*' 

28° 39' 0^ 


1 

1729 

Jai Singh 

Observatory . 

.... 

28° 30' O'. 


1734 

Father Boudier 

9r • 

76° 0' East of Paris * 

28° 37' O'. 


1792 

W. Hunter 

j> • * 

77° 2' 27' East of 
Greenwich. 

28° 37' 0^. 


1826 

Warren, from Hindu 
Books. 

.... 

1° 16' 8"^ East of 
Ujjain. 

27° 36' Cr. 


1915 

Trigoiiometrical Sur¬ 
vey of India. 

Pir Ghaib 

Jam'i Masjid . 

77° 12' 62^ . 

77° 14'2-8^ . 

28' 40' 

28' 39' 2-r, 

Bibnaubs 

660 

PanchasiddJiantihS . 

.... 

64° East of Alexan¬ 
dria. 



• • 

Astrolabes 

* .... 

117° 20' East of For¬ 
tunate Isles. 

26° 16' iY', 


1796 

R. Barrow, As, Ees., 
IV 1796, p. 326. 

.... 

82° 64' East of Qroon- 
wioh. 

26° 18' 30^ 


1826 

Warren, from Hindu 
Books. 

.... 

4° 37' (T East of Uj¬ 
jain. 

26° 38' 


1916 

Trigonometrical Sur¬ 
vey of India. 

Observatory . 

83° 0' 46*1^ East of 
Groenwioh. 

26° 18' 24-iP 

. Jaipur . 

•• 

Astrolabe 

.... 

109® 6' East of Fortu 
n lie Isles. 

- 26® 86'. 



Tieffenthaler . 

.... 

73° 43' East of Paris 

26° 63'. 


1734 

Father Boudier 

Observatory • 

73° 60' Bast of Paris 

26° 66', 


1916 

Trigonometrical Sur¬ 
vey of India. 

Minaret. 

76° 49'18*6'^ East 
of Greenwich. 

26° 66' 2-7 •4^ 


^ For the longitude of the Fortunate Isles see p. 26 where it is estimated at 36® West of Greenwich. 
2 Tho longitude of Paris Observatory is 2* 20' 13-6^ East of Greenwich. 
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C. (3) Observatory Elements. 

(a) Position. 









Latitude. 

Longitude 

East of Greenwich. 

Magnetio 
DeolMation 
for 1916. 

Annual 

Variation. 










7i. m. 

8. 

East. 


DrUCiHI • 

• 

• 

• 

■ 

* 

• 

28“ 37' SS* 

77“ 13' 6^ 

5 8 

62-3 

1“ 46' 

—1 

Jaifub . 

• 

• 

- 

• 

• 

• 

26’ 66' 27-4' 

76“ 49' 18^ 

5 3 

17-2 

1“ 46' 


Ujjain 

• 

« 

• 

• 

• 

■ 

23“ 10' 0' 

76’ 46' 2* 

5 3 

4 

0“ 46' 


Benabjss 

• 

* 

• 

• 

• 

• 

26“ 18' 24-9' 

83“ 0' 46' 

6 32 

3-1 

1’ 6' 



(6) Time. 




Difference 
botvreon local 
and standard 
time. 



DIPPEIUIINOIB nBTWHHN LOOAh S17K DIMH AKD OnOOS: (i.e.| 

, Standaud) whs. 



Place. 

liongiiudo East 
of Greenwloh. 

Jan. 1. 

b'eb. 12. 

Mar. 15. 

April 15, 

May 15, 

Junt 14, 

July 15.1 

Aug. 15. 

Sept. 1. 

1 

Got. 1. 

JTov. 3. 

Deo. 25 



M. S. 

Ma S. 

M. S. 

M. S. 

M. S. 

M. S. 

M. S. 

M. a. 

K. S. 

M. S. 

M. S. 

M. 8. 

1 

I M.S. 

1 

Standard . 

82® 30' 0" 

0 0 

+ S 11 

+14 24 

+ 9 0 

0 0 

-n8 48 

0 0 

+6 44 

+4 28 

0 0 

—10 16 

—10 21 

1 

0 0 

Delhi 

TT 13' 5' 

+21 8 

+24 1 

+86 32 

+80 14 

+81 8 

+17 20 

+21 8 

+26 62 

+26 81 

1+21 8 

+10 62 

+4 47 

1 

+21 8: 

Jaipur 

75® 49' IS'^ 

+26 43 

+29 64 

+41 7 

+85 40 

+26 43 

+22 55 

+26 48 

+32 27 

+81 6 

+26 48 

+16 27 

+10 23 

+26 43 

1 

UJjaln . 

76® 46' 2® 

+26 o6 

LsO 7 

+41 20 

+86 12 

+26 56 

+28 8 

+26 66 

+ 82 40 

+81 10 

+28 66 

tIO 40 

+10 83 

1 

'+28 56. 

Benares . 

88® 0' 46 

—2 3 

1 ^ 

+12 21 

+7 8 

—2 3 

61 

-2 3 

+3 41 

+2 20 

—2 8 

—12 19 

-18 24 

—2 3 


*'“»• Tho minus sign tadloatoB thot stsndjad time is behind local sun time. ThOTofoie, to find standard 
mu 11 S ® Bubtraot tho mitm quantitloa, as given In the table. Por IntenncdJato dates proportionate parts will give approximate 

results, Tbo ilmo is given to the noarost sooond only for 1913. The annual variation Is small, a 

T 2 
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C. (4) Climates and Longest days. 





LATrruDBS. 


Longest Days, 









ClimateB. 

Hours 01 - 
longest 
day. 

After 

Ptolemy. A 

Ll-BattSnL 

1 

On Jadpnr 

A Astro- ) 
labe. 

Jalotdated 
com hours. 

Caloulated from lati¬ 
tudes. 

1 






Latitudes. 

H. M. 

p 

121 

12» 30' 

,, 

12® 43' 

• • 

20 

13 13 

IFirst . • • 

V.W 

13 

16® 27' 

16® 39' 

16® 44' 

16*43' 

21 

13 17 

r 

13i 

20® 14' 

20® 28' 

20® 31' 

• • 

22 

13 21 

fieooDd . . • • j 

L fn 

13i 

23® 61' 

24® 6' 

24*10' 

24*10' 

23 

13 26 


13£ 

27® 12' 

27® 28' 

27® 34' 

1 

.. 

24 

13 29 

Third . • • • j 

\.w 

14 

30® 2' 

30* 40' 

30*46' 

30* 46' 

26 

13 34 


14i 

33® 18' 

CO 

o 

CO 

CO 

33® 43' 

.. 

26 

13 38 

iPourth . • • ‘j 

Cm 


•36® 0' 

36® 22' 

36® 28' 

36® 28' 

27 

13 42 

f 

141 

38® 36' 

38® 64' 

39® 1' 

a. 

28 

13 47 

®ifth . • • 

V. m 

16 

40® 66' 

41® 16' 

41® 21' 

41® 21' 

29 

13 62 


16i 

43® 41' 

43® 26' 

43® 30' 

•. 

30 

13 66 

Birth • • * • j 

Cm 

16i 

46® 1' 

46® 22' 

46® 39' 

46® 32' 

40 

14 61 

P 

16} 

46° 61' 

47® 12' 

47® 38' 

• . 

60 

18 10 

-Seventh. • • • i 

16 

48® 32' 

48® 63' 

48® 69' 

48' 69® 

60 

18 31 


16} 

60® 4' 
etc. 

# • 

• « 

• • 

• • 

«. 


1 Optt* Astrmiomicum, Ed. NaRino, 2nd part, 66—66. 

The oalonlated lesnlts are obtained from the formula longest day, where Unk-.tan (ft. iana>. 


And where a>=23‘’ S9', and latitude. 
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D. TECHNICAL TERMS AND SYMBOLS. 


D (1). Numerical Notations. 



Abjad. 

1 

Arabic 

Numerals. 

Hindu 

Numerals. 


Abjad. 

Arabic 

Numerals. 

Hindu 
Numerals. ] 

1 

1 

a 

\ 

\ 

60 

lT 

s 



2 


b 

r 


70 

? 

t 

V* 


3 


i 

r 


80 

o 

i 

A* 

C a 

4 


d 

r 

8 

90 


e 


£.0* 

5 

8 

h 

8 


100 

3 

q 


1 f o o 

6 


w 

n 

$ 

200 

; 

r 

r** 

^ o o 

7 

j 

z 

V 


300 


sh 


^ a O' 

8 

c 

h 

A 

c 

400 

O 

t 


8o a 

9 

Jo 

t 

Q 


600 


th 


toet 

10 


i 

1 ’ 


600 

t 

kh 


^ a o* 

20 


k 

1 

1 


700 


dll 

V • • 

vQo O' 

30 

J 

1 

1 r. 


800 


d 

A- • 

Co o 

40 

r 

ni 

t*. 


900 


z 


£_o o 

60 


n 

b* 

^0 

1000 

e 

gli 

I ••• 

( O o 0 


The abjad eyetem is indicated by eight voces memoriabiles 

abjad hawwaz Tccdaincm sci‘fas qa/fosTioA thoJchadh 

But western Mussulmans arrange the last four words thus; Safad qaras'al ihahhadh zaghash. 


The Greek system agreed with the abjad as far as 80, but the portion from 90 to 300 corresponded' 
with the abjad from 100 to 400. The later numbers differed considerably. In deciphering the 
engraved numbers on the astrolabe there are sometimes apparent ambiguities to be cleared up, owing 
partly, to the omission .of diacritical marks.^ 


^ Seo page 97; NaJlino’e ci-Bamnl, Hi f ; and Peters and Knobers Ptolemy's Catalogue of Stars, p. 13 /. 
Morley made a number of mistakes, particularly in transori'bing the symbols for 4 and 7. 
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D (2). Signs o£ £he Zodiac. 


0 

op 

Arios ..... 

Akabio. 

al-]^ainal 

SA278KEIT. 

Mosba. 

1 


Taurus . . , . 

al-Thaur 

Vpshan. 

2 

n 

Gemini .... 

al-J^uza • 

Mithuna. 

3 


Cancer • . , . 

al-Sarat&n . 

Karka. 

4 


Loo . . . , , 

al-Asad • 

Simha. 

5 


Virgo. 

al-Sumbuiah • 

Kanya. 

6 


Libra • . . . . 

al>Miziln 

Tula. 

7 

m. 

Scorpio .... 

al-’Aqrab 

Vpfiohika. 

8 

t 

Sagittarius .... 

aJ-Qaufl 

Dhanus. 

0 

i 

Oaprioornus 

aJ-JadI . 

Makara. 

10 

UH 

fiH 

Aquarius .... 

aJ-Dalw 

Kumbha. 

11 


riacop .... 

al-Hut . 

Mina. 


D (8). The Planets. 





Ababio.^ 

Kanskbit.* 

1 

b 

Saturn .... 

Zu^al • 

Irki. 

2 

it 

Jupitor .... 

Mush bar! 

Brihaspati. 

3 


, Mars ..... 

Mirrikh . 

Kuja. 

4 

O 

Sun , ; , ♦ , 

Shams . 

Surya. 

f» 

S 

Von UR .... 

Zuhrah . 

Sukro. 

6 

» 

Mercury .... 

‘Utarid , 

Budlia, 

T 

1 


Moon .... 

Qamar . 

Chandra. 


^ Tho planets, -uitb tbn oxflnption of the snn, oro sometimes (e.g,, in the table of Triptons on .Taipur A) denoted 
by the final letters of the Arabic names I, i, kh, {sh), h, d, r ; See also SAlillot, Prol, Tables Astron. ^Ouloug Btg^ 
p. oxlviii. 

‘ There are many variants of these names. 
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D (4). Limai Btausions. 


Hindu Hakshatras. 

1 . AAvini y Arieiis) . 

2. BharajjJ (36,39,41 Arietis) • • • • 

3. Kirittika (Pleiades, 7) Twwri, tfec.) . 

4. Rohiul (a, 6^ y, 8 , € Tawri) 

5 . MpigaMras (X, Ononis) 

6. ArdrS (a Onords) . 

7 . Punarvasu (j 8 , a Oeminorum) 

8 . Pushya (fl, 8 , y Gancri) .... 

9. AAleslia (€, 8 , CT, p Hydra) . 

10. Magha (a, 07 , y, ^3 /jc, € Leords) • 

H. Pflrva-Phalgunl ( 8 , 6 Leonis) . . 

12. Uttara-Phalguiu (jS, 93 Jjfiont 5 ) • • . 

13. Hasta ( 8 , y, €, a, )8 .... 

14. Chitra (a Vvrginia) ..... 
16. Svati (a Bootie) 

16. Vifiaklia y, i8, a Mrce) . . . . 

17. Anuradha ( 8 , TT, BcorvH) 

18. JyeshthS (a, O’, r Scorpii) .... 

19. Mfila (X, V, K, l, 17 , H-f « Scorpfi) 

20. Purva-AshS^a (<r, € Sagittarii). . 

21. Uttara-Ashadha ( 8 , ^ SagittaHi) . • • 

22. Abhijitt (a, €, ^ . 

23. Sravacia {a ^ y AquQa) .... 

24. gravisbtba (; 8 , a, y, 8 DeVpUni) . 

26. Satabiflhaj (X Aguam, efc.) .... 

26. Purvek-BhfidiBpada (ttj ^ • . . 

27. Uttaro-BbadrapadS (y Pegast, a Andromeda) . 

28. Revati Pisaium, etc.) .... 


Arabic Manzils. 

1. Sharatan (jS, y ^neiis). 

2. Butain (36, 39, 41 Arietie). 

3. Thurayya (Pleiades, 7j Tauri, cfeo.) 

4. Dabaran (a, 6^ y, 8 , € Tauri). 

6 . Haq‘ah (X, ^3 02 Orionis), 

6 . Han'ah ( 77 , jLt 3 v, y, ^ Qeminonm). 

7. Dhira (^Sj a Oeminorum). 

8 . Nathrah (y, 8 Gancri). 

9 . Tarfab (f Gancri, X Leonis). 

10. Jabhah (a, 77 , y, ^ Leonis). 

11. Zubrab ( 8 , 6 Leonis). 

12. Sarfab ()8 Leonis). 

13. 'AwwS (j 8 | 77 , y, 8 , € FtVgtmfi). 

14. Simak (a Virginia). 

16. Gbafr (tj K, X Firfifiww). 

10 Zubanan (^3 /8 Librae). 

17. IklU (jS, 8 , TT ^corjju). 

18. Qalb (a ScorpU). 

19. Sbaulab (X, v Scorpii). 

20. Na’aim (y^ — ^ 

21. Baldab (North of tt SagiUofii). 

22 . Sa’d al-Bbabih (a, /8 Gapricorm). 

23. Su'd Bula‘ (e, /Xj v .(dgworti). 

24. Sa‘d al-Sn‘ud (jS, £ Agwoni). 

26. 8 a‘a al-Akbbiyab (ttj y, 7] Aquarii). 

26. al-Pargb al-Muqaddam (a, ^ Pegasi). 

27. al-Pargb al-Muakbkbar (y Pegasi,*a AnAtomedasy. 

28. Batnal-Hut. (^ Andromedae, etc.) 


D (5). ObUauity of the Ecliptic. 


B. C. 130 Hipparobus 
A. D. 160 Ptolemy . 

880 al-BattS>m 
966 Abdul Ragman al-Sufi 
1001 Ibn Yunua 
1100 Surya SiddMnta 
1260 Alphonsine tables 
1270 Nagir al-Din al-T^i , 
1438 TJlugb Beg 
1590 Tyobo Brabo 
1090 Plamsteed 
1729 Jai Singb 
1900 ' 

1916 1 st July . 


23® 61' 20 ^, 
23® 61' 16^ 
23® 36' 0^. 
23® 33' 46''. 
23® 34' 62". 
24® 0' 0". 
23® 32' 39". 
23° 30' 0". 
23® 30' 17". 
23® 29' 47", 
23® 28' 48". 
23® 28' 0". 
2 :-® 27' 28". 
23® 27'4- 68 ". 


(Tte seculaJ’ vaiiation is between 21® 69' and 24® 36', approximately.) 
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D (6). Length of the year. 



D. 

H. 

if. 

S, 

Hipparchus . 

• • • • . 366 

6 

56 

12 Tropical. 

Ptolemy 

• . • i • 366 

6 

46 

24 

»> 

Si • • • 

• • • • « 366 

6 

9 

48*6 Sidereal, 

- Romaka Siddhanta . 

.366 

5 

65 

12 

Paulisa Siddhanta . 

• . • • . 366 

6 

12 

36 Sidereal. 

Aryabhata 

• • • . . 306 

6 

12 


Brahma Gupta . ■ 

. • . • • 366 

6 

12 

30*015 

al-Battani 

• • • • • 366 

6 

12 

ti 

Siddhanta fiiromaiii 

.305 

0 

12 

ff 

9 

Astrolabe 

Aj>'proximalcly correct mluoa — 

• • . . . 365 

5 

50 

St 

12*4 Tropical. 

Tropical year 

.. 

5 

48 

46*08. 

Sicloroal year . 

.365 

0 

(» 

9*5. 


D (7). Precession of the Bauinoxes. 


AiiDual precoafliou. 

A.D. 150 Ptolemy. 

810 al-Batiuui . . .... 

1100 jSUri/fi SUUihdnta ...... 

1150 liliuHlaim .... ... 

1370 Malienclua 8uri ...... 

1500 C!opmiion» ....... 

1600 Tyoho Bralio ....... 

1720 Jai SJiigli. 


30^ a year or 1 ® in 100 years, 
54-56^ a year or 1° in 06 years 
54^^ n year. 

69*0^ a year. 

64^^ a year. 

60*2'*' a yoai\ 

or 

61 *6^ ov r 8' in 297 Muslim years. 


[The procession lor celestial longitude of all stars is approximately SO® 26" a year or, moie 
oorroctly, 50'25G'l"H-0'0222'' T (where T is the time in oentiuios toekonod from A.D. 1900). The 
complete period of precession is approximately 25,606 years.] 


D (8). Hindu Measures. 


60 prativijxilafl 
10 vipaloH 
60 vipalas 
00 palas 

60 gliatikas 
Altio 2 gha^ia 


Biviaiona of Ihe day. 

Ivipala = 0*4flooonda. 

1 prana t= 4*0 Boeonds. 

1 pain or vinaejiks => 24*0 seconds. 

1 glialii, na(Jika, clancla = 24 minutes. 

1 divasa, clina, vasara = 1 solar day. 

1 muMrha = 48 minutes, and 30 rml}dUrlaa=>^\ day. 


Length. 


8 yavas 

= 1 angula 

? = }inoh. 

24 aSgulas 

1 hasttt 

c=18 inches. 

4 hastas 

= 1 danda 

=6 feet. 

2000 danda 

= 1 kro6a 

*»4,000 yard*. 

4 kresa 

= 1 yojana 

=9iV miles. 


TJ 
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E. CHRONOLOGY. 

There has been considerable difficulty in ascertaining the dates of construction of the 
observatories, etc. Sir Eobert Barker, who was contemporary with Jai Singh, stated that 
the observatory at Benares was supposed to have been built by Akbar; James Prinsep gave 
the date as A.D. 1680—six years before the birth of Jai Singh; another writer gives 1693, and 
so on : of the following dates, those relating to Jai Singh must consequently be used with 
some circumspection. 


A.D, 


Greenwich observatory founded 




• 

1676 

Jai Singh bom 




• 

1686 

Newton’s Principia published . 





1687 

Jai Sinfiih succeeds to the Amber Gadj 




• 

1699 

Hailey’s Synopsis of Gomelary Astronomy 




• 

1706 

Death of Aurangzeb ..... 





1707 

Jai Singh invests Thun .... 





1712 

G. D. Cassini dies. 





1712 

Farrukh-Siyar. 





1713 

Jai Singh displaces Budh Singh of Bundi 




• 

1718 

Muhammad Shah ..... 




• 

1719 

Jai Singh appointed the Emperor’s deputy at Agra 

and Malwa 

* 

1719 

Great earth-quake at Delhi .... 

• 

• 

• 

• 

1720 

Flamsteed dies. 





1720 

Jai Singh’s expedition against Jats of Bharatpur 





1722 

Delhi observatory built .... 





0. 1724 

Riataria Cedeaiis Britannica published . 





1726 

Isaac Newton died. 




• 

1727 

Jaipur city built.' , 




» 

0. 1728 

The Zij Muhammad ShUJil finished 




• 

C. 1728 

Aberration of light discovered by Bradley 



• 

• 

1728 

Observations recorded at Delhi . . . 

* 

. 

* 

• 

1729 

Jai Singh resigns the prov.'noe of Mftlwa to the Peshwa 


• 

1734 

Jaipur observatory built .... 


. 



1734 

Benares observatory built - . . . 


• 

• 

• 

1737 

NSdir Shah sacked Delhi .... 

• 


n 

4 

l739 

Halley died .... 

• 


• 

• 

1742 

Jai Singh di'd .... 

• 



• 

1743 
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Ep. Ind., i, 403-460 and ii, 487-498 ; Schram, Ind. Ant., 1889, xviii, 290-300; Dikshit, Ind’. 
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Lola Ohlioto Lai 143. 

Lankii: longitude zero 60, 00. 

Laplace (A.D. 1749-1827) 70. 

Latitudes: on astrolabes 26, 128-129; and olimates 
24, 132; and lc)ng(fBt days 20, 182; of observa¬ 
tories 120-130, 

Leid(iu observatory (1632) 14. 

Lo Striuigo G. 26. 

LcUrcs HiflaiUe-Hy oto. 6, 0, 14, 142. 

Libration 74. 

Limits. See Terms. 

LogJttithms 6. 

Longest days 19, 20, 72, 132. 

Lougiiudos: on astrolabes 26, Z28-120; reckoned 
from Fortunate Isles 26, 128; from Lankft 69, 60 ; 
from Ujjaixi 58 seq. 

Loixls ol trigosas, oto. See Regents. 

Lunar mauBions. See monzils and nakshatras. 


M 

Magini J. A. (1666-1017) 121. 

Mahonrlra Sfiri (//. A.D. 1370) 3, 14, 116. 
ahMajiaiu Sec Almagest. 

Maniliufl 24, 119, 121. 

Mfinniandira at Bonoroa 01. 

Man Singh oi Amber 01, 07. 

MansiouB of the Moon. See Monzils and nakshatras. 
Manuel, Padre 6, 14, 89. 

Manzils 20, 125, 130. 

Marshall, Sir 3. i, 00. 

MorSgha observatory 6, 46, 81-82. 
mosofat 26. 

Ma-shfi-oUfib (A.D. 816 b.) 18. , 

Mathura observatory 2, 13, 67-68. 

MaulSna Chfind 11, 88. 

Measures of length and time 187. 

Mecca; direction of 26. 

Moru 72. 

Motal instruments 12-13, 16 seq. 

Micromotor : invention of 83. 

Mi^a-yantra 36, 46. 

Mcntlis: intercalary 75. 

Moon, distanoe of 74. 

Mcirley W. H. 26, 31, 133, 142, 143. 
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Muhammad— 

b, Abmad Abu’ Ritani al-Biriini (A-D, G73-1048) 

18. 37, 69, 71, 73. 

b. Jabir b. Sinau al-Batiam (A.D. 929 d,) 12,18, 
23, 24, 81, 121, 128,132. 

Mahdi 5, 88. 

Moqim, astrolabe maker 24. 
b. Muhammad b. Jahjalb Abu’l Wefa (A.D. 940-098) 
82. ' 

Shah 8, 11. 

Sharif 6, 88. 

Mula Chand. See Maulana Chaad. 

Mural quadrants 39, 46, 63, 66-67, 01. 

N 

Nakahatras 72, 73, 117. 

NaUino C. A, 12, 18, 27, 81, 132, 134, 146. 

Napier, Don Juan = J. Napier 6. 

Naii-valaya-yontra 36, 39, 63, 67, 62. 

Nagir al-Din al-Tusi (Mubammad b. M. b. al-50'^o^> 
Abu Ja^far, aId. 1201-1273) 4, 11, 86, 88. 

Newton, Sir Isaac (A.D. 1643-1727) 1, 83, 90. 
Niyat-yontra 45. 

Novenarios 124, 126. 

Numerical notations 134. 

0 

Obliquity of ecliptic 3, 74, 80, 136. 

Observation: neglected by later Greeks and Hindus 

86 . 

*Omar b. Ibrahim al-Khaiiami (A. D. 1049-1124) 81. 
Olough Beg. See Ulugh Beg. 
von Orlioh 48. 
o^rivri= Ujjain 68. 

P 

Pailhade M. 29, 141. 

Panchasiddhdntikd 70, 73-74, 77. 

Paris Obseiwatory (1667) 14. 

Porkea, Panny 57. 

Paulus AlexandrinuB (fL A,D. 378) 24, 120, 122, 123. 
Pauliia Siddlidvd^ 73. 

Peters C. H. E. 116, 134, 145. 

Picard J. (A.D. 1620-1682) 83. 

Petosiris 121, 123. 

Planetary hours 19 ; houses 123, 126. 

Planets : elements of 74 ; names of 136 ; order 124; 

not mentioned in Vedic literature 72. 

Pla^yfoir J. 70. 

Polar latitude and longitude 8. 

PrecesEdon of the equinoxes 8, 74, 137. 

Prinsei) J. 61, 64, 139. 

Ptolemy, Claudius (;7. A.D. 140) 2, 11, 13, 24, 74, 
116, 122, 123, 1£8. 

Q 

Qn .drants: niuiul 'rO, 46, 63, 66-57, 61 ; of sines 22, 
20-30. 34. 


H 

Ram yanto 13, 36, 37-38, 43-44, 63, 82. 

Raii-valaya-yantra 35, 62, 66. 

Regents 122. 

Rehhaga/nita 5. 

Refraction 4, 

Rogiomontanus (A.D. 1436-1476) 33, 121. 

Reinhold (A.D. 1611-1663) 14. 

Rennell 141. 

Restorations 48-60, 6i-65, 68, 06 60. 

Rete. See "aulcabut. 

Rieu 10. 

Roumka SiddlidnUi 70, 73. 

Rudolphiue tables 14. 

S 

Socrobosoo (circd A.D. 1236) 22. 
safiba = tablet q. v. 

Sayyid Ahmad Kbdii 48, 142. 

St. Petersburg obsorvatory (1726) 14. 

Samarqand observatory 3, 12. 

Samr5.t-yantra or 3, 13, 36, 36-37, 41-43, 62, C.6, 
61-62, 86-87. 

Samrat-siddhanta ; a translation of the Abnageat 2 
Sa/phnecL ArzacJielis. Sec ZarqaJi astrolabe. 
Saura-paksha 76. 

Sauvairo M. 29, 142. 

S^dillot *T. J. 143. 

S6dillotL. A. 26, 27, 37, 80, 144. 

S4dillot L. P. E. A. 11, 13, 26, 82, 136, 144. 
Septenorios 124, 126, 

Sextant 39, 82. 

Sewell R. 76, 144, 

Shadow Bcaloa 22, 29. 

Shashtanrs^ yantri 3, 12, 35, 39, 62, 82. 

SiddhdTUa Siroimni. 

Signs: i^rabio and Hindu names 134 ; rising 23, 73, 

120 , 121 . 

Sines quadrant of 21, 22, 29-30, 34 ; tables of 73. 

‘ Spider See ^ajihabtil- 

Star lists: on astrolabes 21, 33; Flamatood’s 4, 117, 
118; Jai Singh’s 8 scq., 96-116; Mohendra Sari’s 
4,116; Ptolemy’s 4, 116; Surya Siddbanta 77, 117 : 
Ulugh Bog’s 3, 8, 96-116; al-Zarqali’s 27-28, U8. 
Stofler 19. 

Strobol, Andr6 7, 88. 

Sudhakara Dvivedi 88, 144. 

al-Sufi. See ‘Abd .1 Rabm'^n b. ‘Omar. 

Sdryd Prajndpii 70, 72-73. 

SUrya Sidddidnta 23, 70, 73-74, 77, 78, 121. 

SuterH. 10,11,27, 63, 146. 

Sylva, Don Pedro do 7, 88. 

T 

Tablets 18 seq., 31- 

TdbnUe Astronomicce of La Hire 2, 4, 14. 

Tangents 36, 87. 

Telescope: aerial 6 : first used 83, 
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Teleycopio Nights 83. 

Temporal hours 10, 22, 31. 

Terms 121, 126. 

TJiibaut 9, 71, 72, 143, 144. 

Thorn W. 46. 

ThroNyllus 123. 

Tieffenthalor: 7,142; on Jaipur observatory 53-64; 
on Mathura observatory 67; on Ujjain observatory 
68 . 

Tilak B. G. 71, 143. 

Time: equation of 131; moasures of 137. 

Tod CoL 1, 47, 142. 

Tomkins H. G. 142. 

Torquetum 33. 

Trigonoincitricol Survey 42, 130. 

Trigons 23, 120-121, 124. 

TriplioitioH. See Trigons. 

Triquetrum 12, 82. 

Tycho Brahe (A.D. 1640-1601) 4, U, 33, 83, 145. 


U 

Ujjain; 2 j the Qroonwich of India 58-00; map of 
[at cud of volu7ne2\ observatory 2, 13, 50-00. 
Ulugh Beg (A.D. 1394-1449) 3, 12, 26, H2, 80, 88, 
80, 128, 144. 

Unnntaihsa-yantra 32. 

Upsala obHorvatory (1730) 14. 

Uraniborg (Tycho Braho’H obHorvatory 1570) 14. 


V 

Ydja’peya saorifioe 2. 

Varaha Mihira (A.D. 687 <1.) 73, 121, 143, 146. 


VSiTaiiasi = Benares q. v. 
Vasishffha Siddh&rUa 73- 
Vaux C. de 142. 

Vedio astronomy 71. 

Venter of astrolabe 71, 26. 
Vernal equinox : position of 29. 
Viilamayus = Ptolomfiens. 

W 

Warren’s Kdla SanJcalita 144. 
Weber A. 71, 143. 

Whitnoy W. D. 71, 74, 143. 
Williams J. L. 66, 142. 

Wolf R. 33, 145. 


y 

Ya ‘qub b. l^^Laq, 12. 

Ya ‘qub h. Tariq, 60. 

Yantra = instrument. 

Fantra Mja = Astrolabe 3, 32, 33. 

Yavona for Alexandria 73. 

Yavanae, Greeks or Wontomors 3, 4, 12, 80. 
Yoor: length of 24, 73, 76, 137. 

Yunan for Rhodes 3. 


Z 

al-ZorqaJi, See Ibrahim b. Yahyg, ol-NaqqSs. 
Zarqah astrolabe 22, 27-30, 124, 125. 

Zlj Muhammad Shdlil 0, 8-16. 

Zurich obsorvatory (1759) 45. 




REFERENCES TO THE MAP OF UJJAIN 


1 Kali gate 

2 Bazars 

3 Kagzi'pura 

4 Panchaiti bagh 

5 M'vla Mandarirka-bagh 

6 Rani hlian 

7 Rani-he-Sah-ka-Mandil 

8 Cfopal Mandil 

9 Post office 

10 Dano gate 

11 Chand-ni gale 

12 „ cJuxik 

13 Maina Bai's palace 

14 Lakherhari 

15 Falki sahib''s paiga 

16 Kotuiali 

17 C-mtom home 

18 Mhil 

19 Tehsildari 

20 Kal-ki’Choah 

21 „ gate 

22 Dharatnsala 

23 Baija Bai-hi-chaln 

24 Ramghat 

25 Hos^nlal 

26 Udasi bnha~kct~ghal 

27 Hhrine of Maolamt 

28 Palace 

29 Kas~Am Malnl 

30 MaJmkal Mahadco's lP)ti}d(r 

31 Karor sagar or Kol Hugaf 

32 Bir H'ubalCs house 

33 Paiga 

34 (ilmobis khambha or 24 pUiarst 

35 Ttakiin Rahim 

36 Begam's garden 

37 KarahuUJi's Umple 

38 Pirjangli gale 

39 Jai Singh’s Observatorjr 

40 Narsing ghat 

41 Irruiinbari 

42 Bar-ki-Ohaold 

43 Maaan ghal 

44 Oao „ 

45 Anntipura 

46 Tdjpurgaie 

47 Ghnmdf Oanli 

48 Oluif.ri I* 

49 Dmcis „ 

49a Indore 


50 Hanumdn banli 

51 Fazalpur 

52 Teliwdra 

53 Pinjarwdra 

54 Sardfa 

55 Karamp^ira 

56 Nijdjpfiira 

57 Ddhri 

58 Daolatganj 

60 Anandganj 

61 BegnW'pnra 

62 Bahdrdurganj 

63 Mdlipiira 
64. Kangalpnra 

65 BJmulpura 

66 Kanthdl 

67 Mirzawdri 

68 Qnnpal Rad's garden 

69 Ohmi TaiVs 

70 Kislian Das' „ 

71 Kher sdgar 

72 Dub Tahi 

73 Nikds Talai 

74 Nil Qanga 

75 Telegraph office 

76 Oimun godown 

79 Bitdwdria lint 

80 Uogasai 

83 Bhanow Mandar 

84 XJkhlemr Malmleo 

85 Batti tombs 

86 llolkar's garden 

87 llhuha burning grmind, 

88 Pir Machau-hi-dargah 

89 Kalka mala 

90 Kir^AinivKiji-ha-Mandar 

91 liohni Bog'mn-ka^Mnqhara 

92 Oaves [Bharihari gnfa) 

94 Nag talai 

95 Ranjit Mahubir 

96 Nannpura 

98 Qanga ghat 

99 Mangal/nalh 
100 Vishnu sagar 

,, Boundary pillars 
1678 Heights above sea level 
lOr Relative heights 
A TrigonomeLric.nl Survey point 
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